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This  t e s t  report, prepared 5 y  $39 Douglas A i r c r a f t  Company, " 

I n c . ,  f o r  t he  Netional- Aeronaut ics  ezd Spacs Admin i s t r a t i on ,  

p r e s e n t s  t h e  des ign  evaluation/~~alification t e s t  r e s u l t s  of 

t h e  f u e l  t ank  p re s su re  s w i t c h e s .  ?ou::as S p e c i f i c a t i o n  Cont ro l  

m. N o .  7851860-1, -501, -505, and -507. -2" p r e s s u r e  swi t ches  

a r e  manufactured and t e s t e d  by t h e  Prebank Company, Glenda le ,  

C a l i f o r n i a ,  a s  P / N  4640-1, 8015-1, 8015-3, and 8015-10. 

The swi t ches  a r e  used on t h e  Sa tu rn  S-IV s t a g e  t o  monitor and 

ma in t a in  l i q u i d  hydrogen tank  p r e s s u r e .  E l e c t r i c a l ,  f u n c t i o n a l ,  

and environmental  t e s t s  were conducted on t h e  p r e s s u r e  s w i t c h e s  

by Frebank,  according t o  t h e  requi rements  i n  Douglas s p e c i f i c a -  

t i o n  Cont ro l  Drawing No. 7851860. The t e s t  r e s u l t s  a r e  incorpo- 

r a t e d  i n  t h i s  document a s  Frebank Company Design Eva lua t ion  Tea t  

Report  No. 178, R8015-1, R8015-3, and PP015-10. On t h e  b a s i s  

of  t h e  test d a t a  p resen ted  i n  t h i s  r e p o r t ,  t h e  p r e s s u r e  swi t ches  

met o r  exceeded t h e  des ign  requirements  and a r e  approved f o r  

t h e i r  i n t ended  u s e  on t h e  S a t u r n  S-IV s t a g e .  
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Douglas S p e c i f i c a t i o n  Control Drawing No. 7551860 de f ines  t h e  

requirements f o r  f u e l  Salk yressure swi tches  use? on the  Saturn  

S-IV s t age .  

The pressure  swi tches  a r e  nznufactured and t e s t e d  by t h e  Frebank 

Company a s  P/N 4640-1, 8015-2, 5015-3, and 8015-10, corresponding 

t o  Douglas S p e c i f i c a t i o n  Control No. 7'851860-1, -501, -505, and 

-507. Each component consis2s of a 9ressure - sens i t ive  element 

and two s ingle-pole  double-throw salJ:ches t o  open o r  c l o s e  an 

e l e c t r i c a l  c i r c u i t  a t  a p rese t  pressure .  

The 7851860-1 p ressu re  switch c o n t r o l s  and r e g u l a t e s  t h e  flow of 

gaseous hydrogen from t h e  engines,  and t h e  flow of gaseous 

helium from t h e  ambient system i n t o  t h e  l i q u i d  hydrogen tank. 

The 7851860-501 pressure  switch monitors and c o n t r o l s  t h e  l i m i t  

p ressure  i n  t h e  f u e l  tank p r e s s u r i z a t i o n  system during f i l l ,  

d ra in ,  and countdown. 

The 7851860-505 pressure  switch monitors and c o n t r o l s  t h e  minimum 

pressure  i n  tv+ f u e l  tank p r e s s u r i z a t i o n  system during' f i l l ,  

d r a i n ,  and countdown. 

The 7851860-507 pressure  switch c o n t r o l s  t h e  flow of gaseous 

hydrogen from t h e  engines i n t o  t h e  l i q u i d  hydrogen tank. 

The pressure  swi tches  a r e  loca ted  on t h e  forward dome of t h e  

hydrogen tank. 



INT3ODUCTIOE (Continued) 

The purpose of t h e s e  t e s t s  was t o  eva lua te  t h e  design i n t e g r i t y  

of the  switches and t o  approve  the^. f o r  t h e i r  intended use on 

t h e  Saturn S - I V  s t a g e .  

Frebank Report No. 178, pa - ragra~h  5.0, page SM-6 p resen t s  the  

procedures and r e s u l t s  a s  apalFca51e t o  pressure  switch No. 

7851860-1, t e s t  u n i t s  s e r i a l  numbered 101 through 106. Paragraph 

6 .0 ,  page SM-14 d i scusses  c o r r e c t i v e  a c t i o n  p e r t i n e n t  t o  the  

malfunctions descr ibed i n  paragraph 5 .0 .  

The p reva i l ing  problem encountered i n  the  t e s t  program was the  

i n s t a b i l i t y  of t h e  a c t u a t i o n  and deac tua t ion  p ressu res  when low 

temperature w a s  one of t h e  environmental condi t ions .  This  i n s t a -  

b i l i t y  was cha rac te r i zed  by f i r s t - c y c l e  s t i c k  (i,e., a discrepancy 

between the  f i r s t -  and second-cycle a c t u a t i o n  pressures)  and 

out-of-tolerance p ressu res  f o r  second and subsequent cyc les .  

Both of these  c h a r a c t e r i s t i c s  remained i n  evidence throughout 

subsequent t e s t s ,  al though t h e i r  magnitude a t  room ambient 

temperature w a s  n o t  always i n  excess  of t h e  s p e c i f i e d  to le rances .  

Frebank Company evaluated t h e  problem and determined t h e  cause 

t o  be t h e  method of sepa ra t ing  t h e  b e l l e v i l l e  s p r i n g s  wi th  fulcrum 

r i n g s  which a l loved the  s p r i n g s  t o  a c t  i n  series. With t h i s  

s e r i e s  s t ack ing  of t h e  b e l l e v i l l e  sp r ings ,  t h e  small  d iscrepancies  

a t  each spring-spacerA i n t e r f a c e  became a d d i t i v e  and t h e  t o t a l  

e r r o r  was s u f f i c i e n t  t o  cause out-of-tolerance opera t ion  under 

Averse environments. An a d d i t i o n a l  f a c t o r  e n t e r i n g  i n t o  the  



problem was t h e  posj-tionlng of the  Klixon switch elements w i t h  

r e l a t i o n  t o  the travel of the  b e l l e v i l l e  s t a c k .  This no t  only 
I 

compounded t h e  s e t t i n g  s h i f t  discrepancy,  but  introduced f requent  
q .  

0 

e r r a t i c  switch element o p r a t i o r .  

There has been no e n t i r e l y  adeqvV?.3e explanat ion  f o r  t h e  pressure  

s e t t i n g  s h i f t  of the  serL5s Se l l ev iT le  s t a c k .  Micro-polishing 

a t  t h e  spr ing-spacer  i n t e r f a c e  Is considered t o  have been a  

c o n t r i b u t i n g  f a c t o r ;  5u2,  t5e  meacs b y  which low temperature 

caused a  permanent s e t t i n g  s h i f t  has no t  been determined, a l -  l 

I .  I 

I 

though t h e r e  is no quest ion Cha* %ow temperature was t h e  cause.  t 

T e s t . d a t a  on s i x  p a r t s  each of five s i q i l a r  pressure  swi tch  1 
I 

conf igura t ions  ( t h i r t y  t e s t  p a r t s  t o t a l )  support  t h i s  conclusion. 

Frebank Company proposed t o  so lve  t h e  problem by a  redes ign  of 

t h e  spacer  r i n g s  which allow t h e  b e l l e v i l l e  sp r ings  t o  a c t  i n  

I p a r a l l e l ,  and by use of production t e s t  f i x t u r e s  which would 

f a c i l i t a t e  more accura te  posi t ioning '  of t h e  Klixon elements 

r e l a t i v e  t o  t h e  t r a v e l  of the  b e l l e v i l l e  s t ack .  The proposal 

f o r  t h e  spacer  r i n g  redes ign  was based on development t e s t s  which 

had been conducted on two proto-pe u n i t s  which were i d e n t i c a l  t o  

production p a r t s  i n  a l l  dimensions and m a t e r i a l s ,  but  which were 

s e t  t o  average pressure  va lues  i n  t h e  low pressure  range, r a t h e r  
I 

than  t o  s p e c i f i c  values requi red  by any given Douglas Spec i f i -  

c a t  ion  Contro l  Drawing. 

During high temperature t e s t i n g  a t  212OF, t h e  prototype u n i t s  

exh ib i t ed  a f i r s t - c y c l e  s t i c k  of k 0 . 4  per cent  as compared t o  



zKTxOD3CTION (Continued) 

t h e  maximum allowable ?avia t ion  of k 1 . 5  p e r  c e n t .  During low 

tempera ' t~re  t e s t i n g  z.t -3%09F, and suhs$g;.%ent t e s t i n g  a t  room 

ambient temperature,  3 e  proto2ype u-nits exh ib i t ed  a  f i r s t - c y c l e  

s t i c k  of 5 0.8 per c e n t .  " ? > e a t a b i l i t y  of t h i r d  and subsequent 

cyc les  during t h e s e  t e s t s  was wi th in  5 3 . 1  per  c e n t  of t h e  

second-cycle a c t u a t i o n ,  a s  compared t o  t h e  requirement of + 1.0 

per cent .  The prototype u n i t s  were then subjec ted  t o  s e r v i c e  ' 

l i f e  t e s t i n g  and completed the  requi red  3,000 c y c l e s  of opera t ion  

wi th  r e p e a t a b i l i t y  of i- 0.4 per cent .  One of t h e  u n i t s  continued 

t o  opera te  wi th in  t h i s  l i m i t  f o r  a  t o t a l  of 20,000 cyc les  and the  

o t h e r  u n i t  operated wi th in  t h i s  l i m i t  f o r  a  t o t a l  of 11,388 

cycles .  No e r r a t i c  swi tch  element opera t ion  was experienced 

during the  t e s t  program. 

On t h e  b a s i s  of t h e  t e s t  r e s u l t s  on t h e  prototype u n i t s  t h e  

spacer  r i n g  redes ign  was approved f o r  incorpora t ion  i n  product ion '  

p a r t s  which would be subjec ted  t o  l imi ted  design evalua t ion/  

q u a l i f i c a t i o n  t e s t i n g .  

Two a d d i t i o n a l  problems were encountered i n  t h e  course of the  

t e s t  program. The f i r s t  of these  was t h e  f a i l u r e  of f i v e  u n i t s  

t o  pass  t h e  d i e l e c t r i c  s t r e n g t h  t e s t  a s  ind ica ted  i n  Report No. 

178, paragraph 5.5.1,  page SM-7. I n  order  t o  prevent  d i e l e c t r i c  

breakdowrl from occuring in production u n i t s ,    re bank Company 

i n s t i t u t e d  the  inspec t ion  procedure included a s  Appendix 2 t o  

Report N o ,  178, page SM-57, In add i t ion ,  the d i e l e c t r i c  strength 



t e s t  i s  performed on each production u n i t  during the  production 

acceptance t e s t .  The second of these  problems was t h e  f a i l u r e  

of t h e  hermetic s e a l  of two u n i t s  during t h e  high temperature 

t e s t  a s  ind ica ted  i n  paragraph 5 .8 .1 ,  page SM-8. Paragraph 6.2,  

page SM-15, exp la ins  t h i s  f a i l u r e  a s  having been due t o  p o r o s i t y  

of t h e  switch body which allowed t h e  pressure  of t h e  switch 

c a v i t y  t o  equa l i ze  w i t h  atmospheric pressure .  Frebank i n s t i t u t e d  

t h e  inspec t ion  procedure of Appendix 3,  page SM-59, i n  order  t o  

prevent t h i s  from occurr ing i n  t h e  production u n i t s .  

Test  u n i t s  s e r i a l  number,ed 108, 109, and 110 were manufactured 

t o  t h e  new design and assembly procedures,  and were subjec ted  t o  

t h e  t e s t  program repor ted  i n  Addendum 1 t o  Report N o .  178, page 

SM-61. The out-of-tolerance opera t ion  experienced during v ibra-  

t i o n ,  a s  discussed i n  paragraph 6.0, page SM-68, is not considered 

s i g n i f i c a n t  s i n c e  t h e  t e s t s  were no t  only repeated with s a t i s f a c -  

t o r y  r e s u l t s  a s  s t a t e d ,  but  were repeated a second time a s  

reported i n  Addendum 2, t o  Report No. 178, page SM-82, again 

with s a t i s f a c t o r y  r e s u l t s .  A t  t h e  time t h e  t e s t  program of . 

Addendum 1 was completed, i t  was considered t o  have demonstrated 

t h e  i n t e g r i t y  of the  redesign,  although the  t e s t $  of a l t i t u d e /  

temperature,  a c c e l e r a t i o n ,  shock, and a c o u s t i c a l  noise  were n o t  

repeated.  

Tes t s  were subsequent ly performed on t e s t  u n i t s  s e r i a l  numbered 

124 and 125 i n  o rde r  t o  assure  opera t ion  of t h e  redesigned par t  

+qder t h e  environments of a l t i tude/ tempera ture ,  acce le ra t ion  

. 



INTRODUCTION (Continued) 

shock, and acoust ica l  noise. The r e s u l t s  are  presented i n  I 

? 
Addendum 3 t o  Report No. 178, page SM-112, ( u n i t s  108, 109, and 

110 had been subjected t o  burs t  pressure and could not be used 
1 

fo r  fu r ther  t e s t i n g ) .  

Life  t e s t i ng  was not  repeated on the  redesigned u n i t s  s ince  t e s t  

data  on the prototype u n i t s  ve r i f i ed  the  se rv ice  l i f e  of t he  

p a r a l l e l  b e l l e v i l l e  s tack  and the  freedom from e r r a t i c  switch 

element operation. The actuation-deactuation time t e s t  was 

accepted on the bas i s  of s imi l a r i t y ,  s ince  the  b e l l e v i l l e  spr ing 

r a t e  is independent of the means by which force  is applied. 

Since the  data  on the  redesigned u n i t s  revealed no e r r a t i c  switch 

element operation and a minimum tendency f o r  the  actuat ion and 

deactuation points  t o  s h i f t  a f t e r  prolonged operat ion,  the  

redesign was considered the  problem. A l l  o ther  tests were 

accepted on the  bas i s  of s i m i l a r i t y  s ince  the  r e s u l t s  could not  

be affected by the  redesign or  because no malfunctions occurred 

t o  ind ica te  the need f o r  redesign. 

! 

Addendum 2 t o  Report No', 178, page SM-82, presents  the  procedures 

and r e s u l t s  of addi t ional  v ib ra t ion  t e s t s  performed on t e s t  u n i t s  

s e r i a l  numbered 124 and 125. T h i s  addi t ional  t e s t i n g  became 

necessary a f t e r  the  revis ion of the  Saturn S-IV s tage  v ibra t ion  

requirenents.  

Frebank Report No. R8015-1, page SN-146, presents  the  procedures 

q d  r e s u l t s  of t e s t s  conducted on pressure switch No. 7851860-501, 



t e s t  u n i t s  s e r i a l  numbered 3-01, 102,  and 103. Paragraph 8 . 0  of , 

Design Eva lua t ion  Tes t  Procedure Q8015-1 (see page SM-174) is a  i I 

s t a t emen t  of s i m i l a r i t y  and i s  e s s e n t i a l  t o  t h e  q u a l k f i c a t i s n  s f  11 

p r e s s u r e  s w i t c h  No. 7851860-501. 

Addendum 1 t o  Report  No. R8015-1, page SM-180, p r e s e n t s  t h e  

procedures  and r e s u l t s  of a d d i t i o n a l  v i b r a t i o n  t e s t s  performed 

on t e s t  u n i t s  s e r i a l  numbered 120 and 121. This  a d d i t i o n a l  

t e s t i n g  became necessary  a f t e r  t h e  r e v i s i o n  o f .  t h e  S a t u r n  S - I V  

s t a g e  v i b r a t i o n  requi rements .  T e s t  u n i t s  s e r i a l  numbered' 101, 

102, and 103 were not  used f o r  t h i s  a d d i t i o n a l  t e s t i n g  s i n c e  t h e y  

had p rev ious ly  bee2 s u b j e c t e d  t o  3  hours of v i b r a t i o n  and addi -  

t i o n a l  v i b r a t i o n  d a t a  would no t  have been v a l i d .  

Frebank Report  No. R8015-3, page SM-210, p r e s e n t s  t h e  procedures  

and r e s u l t s  of t e s t s  conducted on p r e s s u r e  swi t ch  No. 7851860-505, 

test u n i t s  s e r i a l  numbered 100,  101,  and 102. Paragraph 8 . 0  of  

Design Eva lua t ion  Tes t  Procedure Q8025-3 page SM-238, is a  state- 
I 

ment of s i m i l a r i t y  and is e s s e n t i a l  t o  t h e  q u a l i f i c a t i o n  of  
I 

I 

p r e s s u r e  s w i t c h  No. 7851860-505. 

Addendum 1 t o  Report  No. R8015-3, page SM-244, p r e s e n t s  t h e  

procedures  and r e s u l t s  of a d d i t i o n a l  v i b r a t i o n  tests performed 

on t e s t  u n i t s  s e r i a l  numbered 119 and 120. This  a d d i t i o n a l  

t e s t i n g  became necessary  a f t e r  t h e  r e v i s i o n  o f  the Sa tu rn  S - I V  

s t a g e  v i b r a t i o n  requirements .  U n i t s  s e r i a l  numbered 100 t o  102 

were n o t  used f o r  t h i s  a d d i t i o n a l  t e s t i n g  s i n c e  they  had been 

p r e v i o u s l y  s u b j e c t e d  t o  3 hours  of v i b r a t i o n  and d a t a  from 

a d d i t i o n a l  v i b r a t i o n  tests would n o t  have been v a l i d .  
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Frebank Report N o .  R8015-10, page SM-274, present  the  procedures 

and r e s u l t s  of t e s t s  performed on pressure  switch No. 7851860-507, 

t e s t  u n i t s  s e r i a l  numbered 103, l 0 4 , , a n d  105. Paragraph 8.0 of 

Design Evaluat ion Test  Procedure Q80l5-10, page SM-317, is a 

s ta tement  of s i m i l a r i t y  and is e s s e n t i a l  t o  t h e  q u a l i f i c a t i o n  of 

pressure  switch No. 7851860-507. 

A l l  t e s t s  included i n  t h i s  r e p o r t  were conducted i n  accordance 

with Frebank Company's Design Evaluat ion Tes t  Procedures Q4640-1, 

Q8015-1, Q8015-3, o r  Q8015-10 a s  app l i cab le .  These t e s t  proce- 

dures a r e  included a s  Appendix 1 t o  each r e p o r t .  During 

compilation of t h i s  r e p o r t ,  i t  became apparent  t h a t  paragraph 

1 . 2  i n  these  procedures does no t  c l e a r l y  i n t e r p r e t  t h e  requi re-  

ments f o r  f i r s t -  and second-cycle a c t u a t i o n  a s  s p e c i f i e d  i n  

Douglas S p e c i f i c a t i o n  Control Drawing No. 7851860, paragraph 

3 . 5 . 1  which s t a t e s :  "The pressure  swi tch  s h a l l  a c t u a t e ,  on 

pressure  inc rease ,  a t  t h e  followlng va lues  on t h e  second and 

subsequent c y c l e s  of opera t ion .  

Dash Number Actuation Pressure  I 
-1 '31 .5  + 0.5 p s i a  

-501 37.25 .f 0.75 p s i a  

-505 34.5 k 0.5  p s i a  . 

-507 ' 29.5 f 0.5 p s i a  

ctuation pressure of the first cycle  s f  any series of tests - 
11 be w i t h i n 4 &  8 . 4  p s i a  of t h e  a c t u a t i o n  p ressu re  of t h e  

secozd cycle .  9 9  



I t  should be noted t h a t  nougias S p e c i f i c a t i o n  Control Drawing 

No. %&52860 spee i f  f e s  a 3igh tempera-ture requirement of +125OF, 

while s e v e r a l  t e s k s  Znclu.ded in ' t h i s  r e p o r t  were conducted a t  a  

high temperature of +19O0P. Tbe high temperature requirement was 

changed from +160° t o  i125OF i n  t h e  L change t o  S p e c i f i c a t i o n  

Control Drawing No. 7851550, dated Xzy 1962. Frebank Company 

requested t h i s  change on the  b a s i s  of the  i n c o n s i s t e n t  a b i l i t y  

of t h e  design t o  meet t h e  pressure  s e t t i n g  to le rances  a t  t h e  

higher  temperature.  After  the.maxfz.m expected opera t ing  temp- 

e r a t u r e  of t h e  pressure  switches was determined t o  be l e s s  t-han 

+125°F t h e  change was approved by Douglas engineering.  A s  a 

r e s u l t  of t h i s  change i n  t h e  high temperature requirement dur ing  

t h e  course of t h e  t e s t  program, t h e  i n i t i a l  t e s t i n g  of Douglas 

P / N  7851860-1 pressure  switch was conducted a t  a  h igh , tempera ture  

of e160°F, while t e s t s  which were repeated  a t  a , l a t e r  d a t e  were 

conducted a t  a  high temperature of e125'F.. Those t e s t s  perfoymed ' 

a t  +160°F a r e  considered t o  be i n  excess of t h e  'requArements 

of Touglas S p e c i f i c a t i o n  Control Drawing No. 7851860, but  s i n c e  

t h e  u n i t s  met t h e  s p e c i f i e d  requirements of opera t ion  t h e  t e s t  

r e s u l t s  a r e  considered acceptable .  

Based upon t h e  des ign  evaluation/qualification t e s t  r e s u l t s  

presented i n  t h i s  r e p o r t ,  i t  is t h e  conclusion of t h e  Douglas 

A i r c r a f t  Company, Xnc., t h a t  t h e  f u e l  tank pressure  swi tches ,  



CONCLUSION (Continued) 

Douglas S p e c i f i c a t i o n  Control No. 7851860-1, -501, -505, and 

-507, manufactured by Frebank Company, s u c c e s s f u l l y  met o r  

exceeded the  requirements a s  described i n  Douglas Spec i f i ca t ion  

. . Control Drawing No. 7851860, and a r e  approved for t h e i r  intended 

use on t h e  Saturn  S- IV s t age .  
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E 
f 7'0 present the results  of the design evaluation tost program * .  

conducted on Frcbanlc P r e s su re  Switch Pa r t  N u m b e r  4640-1, 
This test program was conducted i n  accordance with the Design 
Evaluation Test  plan of Douglas Specification 785.1 860 - 1 

REFERENCE: 

Douglas Aircraft Company Spccifica?ion 7851 860 - 1, Rev.  "E". 
I 

3.0 DESCRIF'TION OF TEST SFECZMEN: (Ref. para. 4.1.1.1 .3) 
E 1 

Six  (6) production units, P a r t  Nvxnbcr 4640-1,  Serial Numbers 101, 
102, 103, 104, 105, m d  106 w e r e  subjected to the required t e a t  
program. This pxcssure switch is intcndod for oper'ation i n  a 
44.0 psia system, using gasoous helium and hydrogen a s  the serdce 
media over an ambient tsrnporaturs range of - 1 0 0 ° ~  to + 1 6 0 ~ ~ .  

The acts+tion pressure Umkte are: 

Increasing Pressure :  3 1 . 5 * . 5  psia 
Decreasing Presoure: 30.5 9 . 5  psia 

Frebank Asocmbly Drawing No. A464O-1, "B" Change, and 
Installation Drawing No. 4640 - 1, "C" Change. a r e  included for 

'' 

further reference ( s ce  Figures I and 2, Pages 15 and 16. 

4.0 REQUIREMT ""5: ( Ref. para. 4.1 .1 .1)  

The Design Ewallcation Test Roquiscrnonts were  conducted i n  
accordance vAt!n Dc sign Evaluation Teat  Procedure for  Engineering' 
Report Nurnbcr 1'88, a0 approved by D.A.C. i n  their VIR.  
No. M37432.  'Th i s  t c a e  proccdwc is proocntcd as hDenclfx I. 

f 
5.0  TES'F PROCEDURE AND RESULTS! 

(Rot. para. 4.1.4) A . took  e e m d  using 
920 t- 910 Best m e d i v D  emploflrag 

a 16-inch dfcsxaactol: Bsurdon tac12e g a t ~ g o  wit!! O . % p o i  m idm 
Ii 

gradmtions 2nd a P d b  scale arscurncy cf P / 5  p o s c ~ n t  wne  used for 
a .  the oboomatfon sf tho prcsousa as t t ings ,  A oigna: light circuht 

I d e i r  a 2 mmparo induc[iSa load at 21: VDC w a s  us id  In conjuncNon 

i; wlA& "&B gaugs to indcato psessusa a\dtch a c t w t i ~ n .  



The  nit nndcr test  was cotznoctcd to t h i s  test  stand and the a,p,plied 
pressure  was ir~creasccl ant! d e ~ r e ~ ~ s c d  14.7 to 32 .0  psia, o r  
to thc point of switch actuation i f  over 32.0 poia, to 14.7 psia. The 
ratc of pressure incrcasc froin 30.0 psia to actuation and ra tc  of 
dccrcnse from 31.0 psin to tleactustion was approximately 5 psi per  
minr~tc?. The pressures  at  which tllc wlit bccixnc e ~ c r g i z e d  and 
de-cnergizcd wcrc observed. All tcst  units s~rccesnfully completed 
the functiona1 test  and thc f i r s t  fivc ( 5) cycles of the test  resul ts  
a r e  recordcd in Tabtc I. 

i 
I 5.2 Actnation and Dcnctuation Time Test: (Ref. para. 3.5.6) -. --- 

This t e s t  was conrluctcd using the same cquiprncnt a s  described i n  
the functional tcst  with,the addition of a rccordjng oscillograph 

1 using gaivanomcters with a response ratc of 0 -2500 cps and a 
! 0-100 psi presourc tran8ducor. 

The pressure  was increased from 14.7 to 32.0 pdia at a minimum 
rato of 10 pai per  aecond. The actuation response time was recorcled i 
by the oscillograph. Thc pressure  wzs d c c r e a ~ e d  from 32.0 to 
30 psia a t  a rate of 10 psi per second rninimtm. Thc deactucttion 
responsc time was recorded by the oscillograph. The response 
t imes of all  units were within the spccified.tolcrance. The resul ts  
a r e  recorded in Table XI. 

5.3 Proof Teet: (Ref. para. 4.1.5) This test was conducted 
using the sanle equipment a s  described in  the functional test. 

A pressure  of 66.0 pnia was applied fo r  one (1) minute. No failure 
o r  leakago occurred a s  a result of the p ressure  application. 

5.4 Leak Test: (Ref, paragraph 4.1.6) The leak test 
was conducted by Hel iun Leak Tesdng Co. Their certification, . 
datcd .T4nuary 3, 1962, i s  presented within Supplement 1. No leakage 
was evigenced a s  shown on a Consolidated Electrodynamics Mass  
~ ~ e c t r o m e t e r ,  ndjurkcd to a sensitivity of 1 x i ~ - ~ c c / s e c .  of helium. 

5.5 BdcXectric - Strcnj;(sh TeeE: (Ref. para. 4.1.7) This tea t  
was conducted using a 0-4000 volt hypot a c t a t  500 volts per megohm. 

1000 VAC RMS at 60 C ~ S  was applied to each unit for  one [ I )  minute 
between the receptnclo pinn A, D, C, E, F, and C and tho body, 
Five ( 5 )  of the B ~ X  (6) units sho\veCg evidence of dielectric breakdown 
z a  indicated by the h.ygot during testa, 



Numbers 101, 102, 103, 104, and 106,  indicated a breakdown a t  
800, 900, 900, 700, and 800 VAC RMS respectively. The malfunction 
was due to a breakdown of the insulation of the Pa r t  Number 5025-2 
Switch Element. 

5.6 Insulation Resistance Test: (Ref. para. 4.1.8) This . 
test  was conducted using +the same equipment described in  the 
Functional Tes t  with the addition of an Associated Research ' 
Model 201 Vibrotest at an ambient temperature of 4 - 1 6 0 ~ ~ .  

While the switch was deactuated, 500 VDC was applied between 
receptacle pins F and 6, and pins E and C. The switch was 
actuated and 500 VDC was applied betwcen receptacle pins F and E 
and pins B and A, The switch was deactuated and 500 VDC was 
applied between receptacle pins A, 8, C, E, F, and G and the body. 
The insulation resistance of a l l  tes t  units was within the specified 
requirements, 

5, '7 Contact Resistance Test: (Ref, para. 3.4.4) This t es t  
was conducted using the same equipment used in  the Functional 
Test  with the addition of the electrical. circuit shown in  Figure 3. 

While the switch was deactuated, 28 VDG at  5 amps was applied 
between receptacle pins F and E 2nd pins B and A, While the 
switch was actuated, 28 VDC at 2 arnps was applied between recep- 
tacle pins F and G and pf-ns I3 and 6. The contact resistance of 
al l  units was within the specified tolerance. The results of the test 
a r e  recorded in  Table HI. 

5.8 High Temperature Test: (Ref, para. 4.1.9) This tes t  
was conducted using the same equipment described in  the Functional 
Test  while the unit was encased in  a Wyle  Model DN104 Tempera- 
ture Chamber$ range -320°F to +35QoF. 

The wit was stabilized at room ambient temperature and the 
Functional Tdst of para. 5, .I was conducted. 'CYMle cycling the 
unit as described in para. 5.17, the temperature was increased to 
+I 6 0 O ~ ,  \d&Xn den (10) minutes, The temperature was maintdned 
for fifteen dnu"L@s and "he Func&anzZ Tent of para. 5,1: wae con- 
ducted. The temperature was tihen stabilized at room ambient 
tkmperature a d  the Functional Test  of pzsa, 5, % was conducted. 
Four f4)  t e s t  w i t s  saccessf*diy completed the Peat, 



I 

results of the test a r e  recorded in Table I, Page 20. 

5.9 Low Temperature Test: (Ref. para. 4.1.10) This t es t  
was conducted using the same equipment described in the High 
Temperature Test. 

The unit was stabilized a t  - 1 0 0 ~ ~  and maintained for  four (4) hours. 
The Functional Test  of para. 5.1 was conducted. The temperature 
was then stabilized at  room ambient temperature and the Functional 
Test  was conducted. The results a r e  recorded in  Table I. 

5.9.1 Description of Malfunction: At - 1 0 0 ~ ~  and room 
ambient temperature, Serial  Numbers 102 and 105 indicated the 
settings to be out of tolerance. 

Serial  N~unber  102 displayed e r ra t i c  switch element operation at 
-1 000F. 

On the decreasing pressure  actuation Serial. Number 106 was 
slightly out of tolerance. 

B 
I 
t The malfunctions of the subject ,'units were not carrected and testing 

was res lmed.  

5.10 Thermal Shock Test: (Rcf .  para. 4.1.11) This test 
was conducted using the same equipment described i n  the High 
Temperature Test. 

The unit was stabilized at a temperature of + l 6 0 * ~  and the Functional 
~ e s t  of para. 5.1 was conducted. The temperature was reduced to 
- 1 3 6 0 ~  a t  a rate of 3 0 ' ~  per second and maintained for  fifteen 
mirrutes, The Functional Test  was conducted. The temperature was 
thep stabilized a t  room temperature and the Functional Tes t  con* 
duqted. The results of the t e s t  a r c  recorded in Table I. i 

I 

5.10.1 Description of Malfunctions: Ser ia l  Numbers 102 an8 
105  did not m e e t  the increasing pressure  tolerances. 

ber 106 did not meet fie decreasing pressure  to lermce,  c 
On decreasing pressures,  Serial Number 102 displayed e r r a a c  

1 o d t c h  element operatLon at -IOQ'F, 

The malfunctions of t he  s d t s  were no& corrected and teaang 
wan res-med, 



1 
f 5.1 1 Altitude Tempera ture  Test:  (Ref. para. 4.1.12) The  

t e s t  was conducted by Garwood Laborator ies ,  Inc. Garwood 
Laborator ies ,  Inc. Report No. 2203 i s  presented within Supple- . 
ment 2. 

5.11.1 Description of Malfunction: At - l O O ° F  S e r i a l  
Number 102 and 105 excesded the f i r s t  and subsequent cycle  
tolerances.  

! Se r i a l  Number 106 exceeded the actuation p res su re  tole.rance of 
the f i r s t  cycle. On the decreasing pres:sure actuation, Se r i a l  
Numbers  102, 105, and 106 were  out of tolerance. 

$ Ser i a l  Numbers 102 and 10 5 displayed e r r a t i c  switch e lement  
1 operation a t  -lOO°F. The malfunctions of the subject units w e r e  
f not cor rec ted  and testing was resumed.  
I b 

I 
i 5.12 Acceleration Test:  (Ref,  para.  4.1.13) The  test w a s  

conducted k y  Garwood Laborator ies ,  Xnc. Garwood Labora tor ies ,  
Inc. Report  No. 2205 i s  presented within Supplement 2. 

5.12.1 Description of Malfunction: Two units, S e ~ i a l  
Number 102 and 105 a r e  permanently out of specification due to 
fai lure  of the body hermet ic  seal.  

1 The malfunctions of the subject units were  not cor rec ted  and test ing , 
t 

! was resumed. . 

5.13 Vibration Test: (Ref. para.' 4.1.14) The t e s t  was 
conducted using the same e q d p m c n t  as the Functianal T e s t  i n  con- 
junction with a Mantec Model ~ ~ 1 2 5  Tempera ture  Chamber,  range 

, -3200F to +6000F, M.B. Model T-51 -MC Amplifier, Model C-10 
Excitor and ~ o d , c l  M3 Vibration Meter.  (Refer  to F igure  4, P a g e  18, 
for  a photograph of the t e s t  setup.) . 

The tests ,were conducted using a logarithmic octave.sweep r a t e  
within the  frequency l imi ts  of F igure  1, of Appcnclix 1, at approxi  - 

ely one (1) minute per  octave. %h'e t e s t  duration was 30 minutes .  
ach of the three  ( 3 )  or"&ogonak axes, shown i n  Figure 2 of 

Appendix 1, at -%OOoF, 4-1 40°F, room ambient tempeyature,  
Curing the v-ibrziion test ,  p re s su re  sett ings were checked i n  accord-  
ance \dth para. 5.1 at. octave intervals  of 5 ,  10, 20, 40, 80,. 160, 
320, 640, 1280, 2000 cps. The r e a d t s  are reeorded Inn Table I. 



I 1230 cps and 10 g acceleration. 

5.13.1 Description of Mllfunction: - - 
5.13.1.1 SerialNwnber 101: 

1. Exceeded the increasing and decreasing tolerance a t  - 1 0 0 ~ ~  
and t1600F. 

2. Displayed erra t ic  switch element operation a t  +160°F. 

3. Displayed switch element chatter a& t 1 6 0 ~ ~ .  

5.13.1.2 Serial Number 102: 

1. Exceeded the increasing and decreasing pressure  tolerance at 
-1 0o0I?, t l  60°F, +and room temperature. 

2. Displayed erra t ic  switch element operation at - 1 0 0 ~ ~ .  

3. Displayed switch element chatter at - 1 0 0 ~ ~ .  

5.13.1.3 Serial Number 103: 

1, Exceeded the decreasing pressure tolerance at t160°F. I 
2, Exceeded the increasing pressure tolerance at -100~F .  I 
3. DiSplayer? - r ra t ic  switch element operaEon at room temperature, 

4-1 ~ O O F ,  and -IOOoF. 

4. ~ i h ~ l a ~ e d  switch element chatter a t  4 - 1 6 0 ~ ~  and -1000F. 

; 5.13.1.4 Serial Mulmbes 104: 

1, Exceeded the Increasing pressure tolerazlce at - x o ~ O F ,  

2, Displayed e r ra t ic  s d t c k  element opera~on at 6 1 6 0 " ~  and -100'1~, 

3, Displayed s d t c h  clement chatter at t160"F. 

5.1'3.1.5 Serizl Nctmbor I c y :  - 
1 .  Exceeded the decreasing pieosurc holrances at zoom tempera- 

ttl -c ?-nd + E  6Q0F. 



2. Exceeded the increasing pressure  tolerances at  room temperature 
and 4 - 1 6 0 ~ ~ .  

3. Displayed e r ra t i c  switch element operation at  room temperature, 

"i 
4, Displayed switch element chatter a t  room temperaturh, 

i 

5. One switch element remained actuated after Unit Deactuation. 
Test  not conducted at-100°F and room temperature, 

h j 5.13.1.6 Serial Number 1 06: 

1. Exceeded the decreasing pressure  tolerances a t  t 1 6 0 O ~  and. 
-lOO°F. 

3 
I 2. Exceeded the increasing pressure  tolerances a t  room tempera- 

t u x .  

3. Displayed switch element chatter a t  room temperature. 

5.14 Acoustics Test: (Ref. para. 4.1.15) The t e s t  was 
conducted by Rototest Laboratories. Rototest Laboratories Report ' 

3592-5 i s  presented as Supplement No, 3. No switch contact chatter 
was detected. 

5.14.1 Description of Malfunction: Serial Nunbor  103 
demonstrated e r ra t i c  switch element operation. Serial Numbers 102, 
104, 105, and 106 were  reported to be out of tolerance. 

5.15  shock Test: (Ref. para. 4.1.16) The tes t  was con- 
ducted by ~ a $ w o o d  Laboratories, Inc. Garwood Laboratories, Inc, 
Report NO. 2208 i s  presented within Supplement No. 2. 

5.15: 1 Description of Malfunction: On increasing and 
decreasing pressure,  Sorial Numbers i02'and 105 were out of 
tolerance due to failure of f f~e  body hermetic seal, 

8 The malfurrctbons of the subject u n i t s  were not corrected and testing 
was r e s m e d .  

i 
5.16 Contact Monitoring --- Test: (Ref. para. 4.1.17) The 

I 
I t e s t s  were conductcd during the Ac~:clcration, Vibration, Acsus&?ce 

' S a ~ d  Shoc!~ TPeste trstng a C = 23; C= Mode2 5-1 1 6  ~ e c o r d i n g  Bscif%ograph 
! 
1 using galvznome:cra having a 0 to 2500 cps response rat&, 
F 



The results of the tes ts  a r e  reported in the respective paragraphs 

1 for the Acceleration, Vibration, Acoustics and S o c k  Tests .  
I 

5.17 Service Life Test: (Ref. para. 4.1.18) The tes ts  
were conducted using the same equipment a s  described in  the 
Functional Test  with the addition of a solenoid valve with. which to . 
cycle the applied pressure. (Refer  to Figure 5, Page 19, for  a 
photograph. of the tes t  setup.) 

The test  units were subjected to 3000 cycles of operation. A cycle 
consisted of increasing and decreasing the pressure  from 14.7 psia 
to 44 psia to 14.7 psia a t  a rate of 25 cycles per  minute with the 
rate of pressure increase and decay exceeding 10 psi per second. 
Following 3000 cycles, the Functional Test  was performed. The 
results of the tes ts  a r e  recorded in  Table 8. 

5.27.2 Description of Malfunction: Serial  Numbers 103, 
104, and 105 demonstrated erra t ic  switch element operation a s  
shown in  Table I: Serial  Numbers 102, and 105 exceeded the p ressure  1 
setting tolerance. 

5.18 Repeat of Actuation and Deactuation Time Tests: (Ref. ! 
para. 3.5.6) 'The tes t  equipment and procedure were identical. to i 

i 
the initial Actuation and Deactuation Time Tes t  of para. 5.2. 

5.18.11 Description of Malfunction: The response time of 
Serial Numbers 102, and 105 were not recorded due to the actuation 

d p ressure  of the units exceeding tbc maximurn step-input of 32 psia. 

The results of the tes ts  a r e  recorded in  Table a, Page 62. 

; 5.19 Repeat of Proof Test: (Ref,  para. 4.1.5) The tes t  
equipment andTrocedure were identical to the initial Proof Tes t  of 

~ o ' f a i l u r e  o r  leakage occurred as  a result  of the pressure  applica- 
dohs : 

5.20 (Ref,  paragra*. 4.1.6) The I 
t e s t  vras conducted by Melhufza E e ~ k  Testing Co. Their cerGficaBoka, $ 
dated March 2"s ,962, i a  presented within Supplement 1, Page 64. 
No leakage was e.riidence$'as shown on a ConsoUdated Electrsdpaxnics 
Mass Spectrometer, adjvnired to a sensitivity of 3 x 20-9 c = ~ / s a ~ ,  QB . . h~h;'~=.rn, 



5. 21 Repeat of Dielectric Strength Test:  (Ref. para.  4.1.7) 
The t e s t  equipment and procedure were  identical to the ini t ia l  
Dielectr ic  Strength T e s t  of para.  5. 5. 

5.21 . 1 Description of Malfunction: Five units, Se r i a l  
Numbers  101, 102, 103, 104, and 1C6 indicated a breakdown a t  750, 
900, 700, 750, and 600 respectively.  The malfunction was due to 
a breakdown of the insulation of the P a r t  Number 5025-2 Switch 
Element.  

5.22 Repeat of Insulation Resis tance Test: (Ref.  pa ra .  4.1.8) 
The t e s t  equipment and procedure were  identical to the ini t ia l  
Insulation Resis tance T e s t  of para.  5.6. 

I 
! 5.22.1 Description of Malfunction: Se r i a l  Number 103 

c i rcu i t  (B-A) could not be measured  due to malfunction that  o c c u r r e d  
during the Vibration Test .  

5.23 Repeat of Contact Resis tance Test:  (Ref. para.  3.4-4) 
The t e s t  equipment and procedure were  identical to  the ini t ia l  1 
Contact Resis tance T e s t  of para .  5.7. I 

5-23.1 Description of Malfunction: Serial  Number 103 
c i rcu i t  (B-C) could not be measured  due to the malfunction tha t  
occur red  during the Vibration Test .  

The high contact res i s tance  of Se r i a l  Number 105 occur red  as a 
resu l t  of the seve re  switch element  cha t te r  experienced during the 
Vibration Test .  

The r e su l t s  of the t e s t  a r e  recorded i n  Table UI. 

t n 5.24 Byrs t  Test: (Ref. para .  4.1.19) The t e s t  was conducted 
I on a Frebank ~ f ; d e l .  T E  146-1 t e s t  stand using a 0 - 5000 ps i  Heise  
B P r e s s u r e  Gage. I 

A minimum p r e s s u r e  of 110 ps ia  was  applied to a l l  t e s t  uni ts  at 
1 ambient room tempera ture ,  All t e s t  units successfully completed 

the Burst  Test x~&ou$ leakage o r  failv.re, 

A p r e s s u r e  of 1400 psia  was applied to a l l  t e s t  units a t  ambient  room 
te-m-peratcse. AIZ t e s t  units ~uccessfcJiy comp'aeteed the Burst Test 

kl 
4 ~;tl%'nout leakage or failure, 



? 

Following, i s  a discussion of the discrepancies in the operation of 
the subject units during the design.evaluation test program. 

6.1 Dielectric Strength Test: As a result of this malfunction, 
Frebank Company Engineering Directive No. 20 5, Appendix 11, 
Page 126, was issued to inaugurate a more  complete inspection of 
the Pa r t  Number 5025-2 switch element. By conforming to this im-  
proved inspection procedure, further failures of this type will be 
eliminated. 

6.2 High Temperature Test: Serial. No.'s 102 and 105 
failed to meet the requiremects due to a failure of the hermetic seal  
of the switch c a ~ t y ,  which allowed the pressure  within the unit to 
equalize with atmospheric pressure. This caused Serial. No. 's 102 
and 105 to become permanently out of tolerance. As a result of 
this problem, Frebank Company Engineering Directive No. 208, 
Appendix XI, Page 128, was issued to initiate testing of ,all body 
castings for porosity, in addition to the leakage tes ts  normally con- 
ducted in accordance with the assembly procedure. 

6.3 Low Temperature Te  st: I i 

6.3.1 Increasing Pressure  Settings Over Tolerance, Serial  
No. 's 102 and 105: The corrective measures described in para. 6.2 
would correct  this malfunction a s  experienced in  the Low Tempera- 
tu re  Test. 

6 . 3 . 2  Decreasing Pressure  Setting Under Tolerance, Serial 
No. 106: Serial No. 106 was 0.2 to 0.3 psi below the decreasing 
pressure  tolerance. This will be corrected with improved tempera- 

i ture  compensation on future units. 

6 , 3 , 3  Erra t ic  Switch Element Operation; Serial No. 102: 
This malfunction was due to incorrect positioning of the switch element 
relative to the bellieviLLe stack travel, and in relation to each other. 
ThLa pxoblam has beera safvad by t h e  use of two tes t  fi*ures, TA 331 
and TA 3 2 5 r  that wil l  accurately measuro the position of the switches 
in  relit%on to each other in the bracket, and also the position refaMve 
to fie belledl la  stack travel, The proper applica~on of &ese fax- 
tures will. eliminate f ~ r & e r  mzlfturctiola 0% t h i s  type. 

6,4 Thermal Shock Tect: The correedva measlazes described 
i-.: p ~ r a .  6 . 3  .tvsdd correct 61e malfqme;~sns aa experienced in the 
Thermal Shock Toot ,  



6.5 Altitude Temperature Test: 

6. 5.1 a The f i rs t  cycle malfunction 
can be corrected with a spacer ring design improvement using the 
new P a r t  Number 7565 and 7566 spacer rings. This design improve- 
ment, when incorporated in the subject unit, will preclude further 
failure of this type. 

6.6 Acceleration: The corrective measures described i n  
para. 6 .2  would correct  this malfunction as  experienced during 
kcceleration. 

6.7 Vibration Test: The corrective measures described 
in  para .  6.3 would correct  the malfunctions experienced during the 
vibra t ion Test.  

I 
1 6.8 Acoustics Test: The corrective measures described i n  
1 
I 

para. 6.3 would correct  the malfunctions experienced during the 

1 Vibration Test.  

6.9 Shock Test: The corrective measures described in  
para. 6.2 would correct  the malfunction experienced during ?Ae 
Shock Test .  

6.10 Service Life Test: The corrective measures described 
in  paragraphs 6.2 and 6.3.3 would cor rec t  the malfunctions ex- 
perienced during the Service Life Test.  

6.11 Repeat of Actuation and Deactuation Time Tests: The 
corrective measures described in  para. 6.2 would correct  the 
malfunctions experienced during the. Repeat Actuation and De- 
actuation Timk Test. ' 

6.12 +eat of Dielectric Strength Test: The corrective 

I measures  described in para. 6.1 would correct  the malfunctions 
experienced during the RepeatDDielectric Strength Test. 1 

6.13 The correcejive 
measures de &a mdlunc%on 

I 
I experienced during the Repeat Insulation Resistance Test ,  r 
h 6.14 The correcdve 

measures de 
experienced drrsing ale Eepeat Gon"LctResistanca Test. 
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TEST UNIT SERIAL NUMBER 101 

HIGH TEMPERATURE 

LOW TEMPERATURE 

THERMAL SHOCK 

VIBRATION 

NOTE: Pages 21 through 26 of  report number 178 have 

been d e l e t e d  because the  data were c o l l e c t e d  

pr ior  t o  redes ign  of the  par t .  For equivalent  

t e s t i n g  of  the  redesigned part s e e  page 

SM-112 (h igh  temperature, low temperature, 

and thermal shock) and page SM-82 ( v i b r a t i o n ) ,  





TEST UNIT SERIAL NURZBER 102 

HIGH TEMPERATURE 

LOW TEMPERATURE 

THERMAL SHOCK 

VIBRATION . 

NOTE: Pages 28 through 33 of r e p o r t  number 178 

have been d e l e t e d  because t h e  d a t a  were 

c o l l e c t e d  p r i o r  t o  r edes ign  of t h e  p a r t .  

For e q u i v a l e n t  t e s t i n g  of t h e  redes igned  

p a r t  see page SM-112 (h igh  temperature ,  low 

temperature ,  and thermal  shock) and page 

SM-82 ( v i b r a t i o n ) .  





TEST UNIT SERIAL NmBER 103 

HIGH TEMPERATURE 

LOW TEMPERATURE 

THERMAL SHOCK 

VIBRATION 

NOTE: Pages 35 through '40 of report  number 178 

have been de l e t ed  because t h e  data were 

c o l l e c t e d  pr ior  t o  redesign of  the  part .  

For equivalent  t e s t i n g  of  t h e  redesigned part  

see page SM-112 (high temperature, low 

temperature, and thermal shock) and page 

SM-82 (v ibra t ion ) .  





TEST UNIT SERIAL NUMBER 104 

HIGH TEMPERATURE 

LOW TEMPERATURE 

THERMAL SHOCK 

VIBRATION 

NOTE: Pages 42 through 47 of r e p o r t  numlber 1178 

have been d e l e t e d  because . t h e  d a t a  were 

c o l l e c t e d  p r i o r  t o  r edes ign  af t h e  part, 

For equ iva l en t  t e s t i n g  of t h e  redes igned  

. p a r t  s e e  page SM-112 (h igh  temperature ,  l o w  

temperature ,  and thermal  shock) and page 

SM-82 ( v i b r a t i o n ) .  





TEST UNIT SERIAL NUMBER 105 

HIGH TEMPERATURE 

LOW TEMPERATURE 

TKERMAL SHOCK 

VIBRATION 

NOTE: Pages 49 through 54 of report  number 178 

have been d e l e t e d  because t h e  data were 

c o l l e c t e d  pr ior  t o  redesign of t h e  par t .  

For equivalent  t e s t i n g  of  the  redesigned 

part see page SM-112 (high temperature, 

low temperature, and thermal shock) and 
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SM-36 

8635 YOWNDA AVENUE NORTHRIDGE, CAUWWMM 
Dlckens 5-2461 

\ 
(jj 

D A T E  January 31 3-962 I 

I TO: 
"Frebank C o m p ~  
7U. We Broadimp 
Slendabe 4, CakLfoda 

Y O U R  O R D E R  N U M B E R  8713 - 
UM I T3 TESTED 6 - P/N k640-1 Pressure Switches SIN 101-106 inclusive 

The above described units were tested on January 2, 3, 1962 on a C.E.C. Mass 
Spectrometer Helium Ic& Detector Model #24-ll0, s/N 5368R17, in accordance vlth 
Frebank Design Evaluation Test Procedure #178, paragraph 4. 

The Leak Detector was calibrated with Glass Standard Leak R%43. 

The sensit ivi ty of the machine wag such t o  detect a leak of l e s s  than 1 x 10-9 . 

cc/sec. of haEuoa, I 

No leakage was detected. 1 
I 

The t q c r a t u r e  control and a Potentiometer Model 12652 was f 6 s h e d  and . 
I 

calibrated by Frebanlr Go. 



8633 YQMMDA AVENUE NORTHRIDGE, UUWRNa 
Dhekens 52468 

TRicangto 3-5481 
YO: . DATE 

Frebank CO, March 21, 1962 
711 W. Broadway 
Glendale 4, California 

Y O U R  O R D E R  N U M B E R  8956 - 
U N  I TS TESTED 6 - fh640-1 Pressure sf i tches #P/N 101-106 incL 

C E R t l  F I C A ?  l a #  

The above described units were tested-on a C.E.C. &kiss Spectrometer Hellurn 
Leak Detector Model #24-210 S/I? 3, in accordance with Frebank Design Evalu- 
a t i o n  Test Procedure #178, paragraph 4. 

The Leak Detector was cal ibrated with Glass Stqndard Leak #25643. 

The sen i t i v i t y  of the machine was such t o  de tec t  a leak of l e s s  than 9 1. x 10- cc/sec. of helium. 

No leakage was detected. 

The temperature control and a Potentiometer Model 12& was furnished and 
calibra%ed by Frebank Co, 



GARWOOD LABORATORIES INC. REPORT NO. 2208 :: 

ALTITUDE-TEMPERATURE, ACCELERATION 
AND SHOCK TESTS 

ON FREBANK PART NUMBER 4640-1 PRESSURE SWITCH 
TO FREBANK COMPANY DESIGN EVALUATION TEST 
PROCEDURE FOR ENGINEERING REPORT NO. 178 



ACCEURAT ION t t l  

8 
SHOCK 1 

I 

NOTE: Supplement 2 t o  report number 178 has been 

de l e t ed  i n  its e n t i r e t y  because the  data 

were c o l l e c t e d  pr ior  t o  redesign of  t h e  

par t .  Refer t o  Addendum 1 page SM-61 f o r  
. . 

data regarding alt itude/temperature,  

acce lerat ion ,  and shock tests on t h e  

redesigned ' p a r t .  



ROTOTEST LABORATORIES CERTIFIED TEST REPORT NO. 3592-5 

ACOUSTIC TESTING O F  FREBANK PART NUMBER 4640-1 
PRESSURE SWITCH IN ACCORDANCE WITH FRZBANK 
COMPANY DESIGN EVALUATION TEST PROCEDUP,E 

FOR ENGINEERING REPORT NO. 178 



ACOUSTICAL NOISE 

NOTE: Supplement 3 has been d e l e t e d  i n  its e n t i r e t y  

because the  data  were c o l l e c t e d  pr ior  t o  1 

redes ign  of the  par t .  Refer t o  Addendum 3 

page SM-137 f o r  data  regarding a c o u s t i c a l  

n o i s e  tests on the  redesigned part ,  



APPENDIX I 

FREBANK COMPANY DESIGN EVALUATION T E S T  PROCEDURE 
FOR ENGINEERING R E P O R T  NO. 178 

P A R T  NUMBER 4640 -1 PRESSURE SWITCH 



FREBANK COMPANY 

DESIGN EVALUATION TEST PROCEDURE 

FOR ENGINEERING REPORT NO. 178 

PART NUMBER 4640-1  PRESSURE SWITCH 

REV I S I O N  llB" 

I 

REV.  "BW 1/10/62 
REV.  "Att 1 1  -1 5-61 . " 

G.  LAB.  SUPV'R. 

, being duty s w m ,  
d c p o ~ r r  a n d  rayel That the tnfwmolion contained in thts r e p o d  Ir to the b.rl  d 
his knowledge true o n d  torr.ct In a l l  tasp.c)h 

3UISC8IBiD and sworn to &font me tLt 
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Shf-46 
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1 

D E S  ~ C N  E V A L U A T  I O N  T E S T S  O F  F R E O A N K  C O M P A N Y  
P A R T  N U M B E R  4640-1 P R E S S U R E  Sw I T C H .  

REFERENCE: ( A )  D O U G L A S  A I R C R A F T  C O M P A N Y  S P E C I F I C A T I O N  
No. 7051f3GTJ-1 R E V I S I O N  ' ' E l i  

( O )  D O U C L A S  A I R C R A F T  C O M P A ~ ~ Y  ~ P E C I F I C A ~ T I O N  
No. DPS 4.920. 

TEST SPEC I MEN: 
-----..I(- 

S I X  P R E S S U R E  S W I T C H E S  S H A L L  BE S U B J E C T E D  TO 
THE PROGRAM AS S P t C l F l E O  H E R E I N .  T W O  OF 
T H E S E  S W I T C H E S  MAY OE P R O T O T Y P E ,  BUT F O U R  
MUST OE P R O O U C T I O N  U N I T S .  

TEST CONDITIONS: - -  
T E S T  MEDIUM: C L E A N  ORY A I R ,  G A S E O U S  N I T R O G E N  
P E R  DPS 4.920 A N D  G A S E O U S  H E L I U M  A S  R E Q U I R E O .  

E L E C T R I C A L  C A P A C I Y Y :  2 A M P E R E S  I N D U C T I V E  A T  
28 V O L T S  D.C. 

A H B ~ E N T  TEMPERATURE:  60°F TO ~ O ' F  U N L E S S  O T H E R -  
W I S E  S P E C I F I E D .  

I 

1 

FLUIO T C M P E R A T U R E  : GOOF TO 8 0 ' ~  U N L E S S  O T H E R -  
W I S E  S P E C I P I E O o  

I N~TRUME ---- NT ACCURAC I ES : 

C A L  I D R A T  I O N  PRESSURE G A U G E S :  1/5 PERCENT OF 
F U L L  S C A L E  R E A D I N G .  

T E M P E R A T U R E  R E C O R O E  RI $5 O E G R E E S  FAHRENWE I T .  

E L E C T R I C A L  M E T E R S :  ' 3  PERCENT OF F U L L  S C A L E  
R E A D I N G O  

THE T E S T  PROGRAM I S  TO OE CONOUCTED ON E A C H  U N I T  
I N  THE O R D E R  S P E C I F I E D  I N  THE F O L L O W I N G  P A R A -  
G R A P H S *  



USE G A S E O U S  N I T R O G E N  P E R  DPS 4.920. R E C O R D  T H E  F I R S T  5 
C Y C L E S  OF P R E S S U R E  S W I T C H  O P E R A T I O N  OF E A C H  S E R I E S  , 

OF  T E S T S ,  A S  R E Q U I R E D  BY T H I S  S P E C I F I C A T I O N .  

1.1 A P P L Y  30 P S I A  T O  P R E S S U R E  P O R T .  THE SWITCH 
S H A L L  R E M A I N  O P E N  B E T W E E N  P l N S  B AND C, A N 0  P I N S  F A N D  

G . 
1.2 INCREASE T H I S  P R E S S U R E  T O  32 P S I A  MAXI 'MUM.  

S W I T C H  S H A L L  C L O S E  AT 31.5 20.5 P S I A  B E T W E E N  P I N S  8 A N D  . 
C, A N D  P I N S  F A N D  G o  T H E .  R A T E  OF P R E S S U R E  I N C R E A S E  F R O M  
30 P S l A  TO A C T U A T I O N  S H A L L  B E  A P P R O X I M A T E L Y  5 P S I  P E R  
M  1 M U T E  

A C T U A T I O N  P R E S S U R E  OF THE F I R S T  C Y C L E  OF ANY S E R I E S  O F  
T E S T S  S H A L L  BE W I T H I N  i 0 . 4  P S I  OF THE A C T U A T I O N  P R E S S -  
URE OF THE S E C O N D  C Y C L E .  

R E P E A T A B I L  1  T Y  OF T H l  RD A N 0  S U B S E Q U E N T  ACTUATION P O I N T S  
S H A L L  BE W I T H I N  P E R C E N T  OF THE SECONO C Y C L E  A C T U A -  
T I O N  P O I N T .  

1.3 O E C R E A S E  THE P R E S S U R E .  S W ~ T C H  S H A L L  O P E N  A T  
30.5 20.5 P S I A  B E T W E E N  P I N S  8 A N D  C, A N D  P I N S . F  AND G .  
THE R A T E  O F  P R E S S U R E  D E C R E A S E  F R O M  31 P S I A  T O  D E A C T V A -  
T l O N  S H A L L  B E  A P P R O X I M A T E L Y  5 P S I  P E R  M I N U T E .  

2. A C T U A T I O N  A N D  O E A C T U A T I O N  T IME:  (REF. ( A )  P A R A .  3.5.6) 

2.1 A P P L Y  32 P S I A  T O  P R E S S U R E  P O R T  A T  10 P S I  P E R  
S E C O N D  M I N I M U M .  S W I T C H  S H A L L  B E  F U L L Y  A C T U A T E D  50 MILL I -  
S E C O N D S , A F T E R  P R E S S U R E  I S  A P P L I E D ,  A S  RECOROEO O N  A 
C.E.C. MODEL 5-116 O S C I L L O C R A P H .  

2.2 REDUCE P R E S S U R E  A T  P R E S S U R E  P O R T  A T  10 P S I  P E R  
S E C O N D  M I N I M U M  T O  30 P S I A .  S W I T C H  T O  BE F U L L Y  O E A C T U A T E O  
50 M I L L ~ I S E C O N D S  A F T E R  P R E S S U R E  I S  R E D U C E D ,  A S  R E C O R O E O  
O M  A C.E.C. MODEL 5-116 O S C I L L O G R A P H .  

9. --- PROOF T E S T :  (REF.  ( A )  P A R A .  4.1.5) 
- USE G A S E O U S  N I T R O G E N  P E R  DPS 4*920, 

9.7 A P P L Y  66 P S I A  1 0  P R E S S U R E  P O R T .  M A I N Y A I M  PRESS-  
URE F O R  ONE (1)  M I N U T E .  THERE S H A L L  BE NO V I S U A L  E V I D E N C E  
O F  O l S T O R T I O N  OR F A t b U R E e  



SM-48 

$1 4 
1 

4.1 A P P L Y  4 4  P S l A  TO P R E S S U R E  PORT,  M A I N T A I N  T H I S  
P R E S S U R E  F O R  O N E  ( 1 )  M I N U T E .  T H E R E  S H A L L  B E  N O  E X T E R N A L  
L E A K A G E  A S  E V I D E N C E D  O Y  THE USE OF A  M A S S  S P E C T R O M E T E R r  

EOUS H E L I U M e  

-100°~  A N O  +160°F. 

OF THE U N I T .  THERE S H A L L  BE NO E V I D E N C E  OF D  I E L E C T R I C  
L E A K A G E  OREAKOOWN AS I N D I C A T E D  ON A N  A S S O C I A T E 0  R E S E A R C H  

6.1, M E A S U R E  A N D  R E C O R D  THE INSULATION R E S  I S T A N C E  
BETWEEN R E C E P T A C L E  P l N S  F AND G, AND P l N S  B AND C; W I T H  THE 
S W I T C H  D E A C T U A T E D  AND B E T W E E N  P I N S  F A N 0  E 9  AND P I N S  8 . I 

A N 0  A ,  W I T H  THE S W I T C H  A C T U A T E 0  A N 0  B E T W E E N  P l N S  A ,  8, C t  
E ,  F AND 6 AND THE BODY OF THE U N I T ,  ' . T H E  I N S U L A T I O N  " 

' i 
R E S I S T A N C E  SHALL  R E A D  NO L E S S  T H A N  100 MECOHMS WHEN 500 v o c  . 

? I S  A P P L I E D  A T  + 1 6 0 ° ~  W I T H  A N  ~ s s o c l ~ r ~ o  R E S C A R C H  MODEL . t 
! 201 V I e ~ o T E s r ,  

I '  I 
1 

I 

8.1 PLACE THE PRES'SURE S W I T C H  W I T H I N  THE T E S T  CHAMBER 

I 8.2 WHILE C Y C L I N G  THE U N I T  A 9  D E S C R I B E D  I N  P A R A G R A P H  ' 

17.2, T H E  T E M P E R A T U R E  OF THE C H A M B E R  S H A L L  O E  I N C R E A S E D  
7 8  +160°f W I T H I N  YEN M I N U T E S .  

e 8.3, M A I N T A I N . Y I ( E  T E M P E R A T U R E  A T  + 1 6 0 ° ~  F O R  15  H # M ~ ~ O L S  
6'1. 

Z .' A N D ,  CONDUCT THE FUNC,TsIC)NAL T E S T  OF P A R A C B A P H S  l.ls 1.2 A N 0  
% 

I 

1 1 1  , L. 



T E M P E R A T U R E  AND CONDUCT T H E  F U N C T I O N A L  T E S T  OF P A R A G R A P H S  
1.1, 1.2 AND 1.3. 

NOTE: P R E S S U R E  S W I T C H  O P E R A T I O N  S H A L L  E E  C O N T I N U O U S  - 
THROUGHOUT THE E N 1  I RE T E M P E R A T U R E  CYCLE.  A RE.LAT I V E  
H U M I D ~ T Y  OF  N O T  M O R E  T H A N  15 P E R C E N T  S H A L L  B E  M A I N T A I N E D  
I N  - T H E  T E S T  CHAMDER. 

9. L o w  T E M P E R A T U R E :  -- (REF.  ( A )  P A R A .  4.1.10) 

9.1 P L A C E  THE P R E S S U R E  S W I T C H  W I T H I N  THE T E S T  CHAMBER 
AND S T A B I L I Z E  AT -10O0Fs 

9.2 MAINTAI.N T H E  T E M P E R A T U R E  A T  - lOO°F F O R  F O U R  (4 )  
HOURS AND CONDUCT THE F U N C T I O N A L  T E S T  OF P A R A G R A P H S  1.1, 
1.2 A N D  1.3. 

9.3 S T A B I L I Z E  T H E  P R E S S U R E  S W I T C H  A T  R O O M  T E M P E R A -  
TURE AND CONDUCT THE F U N C T I O N A L  T E S T  OF P A R A G R A P H S  1.1, 
1.2 A N D  1.3. 

10.1 P L A C E  THE P R E S S U R E  S W I T C H  W I T H I N  THE T E S T  CHAMBER, 
S T A B I L I Z E  AT + 1 6 0 ° ~  AND CONDUCT THE F U N C T I O N A L  T E S T  OF 

I 

I 

P A R A G R A P H S  1.1, 1.2 A N D  1.3. I 
I 

10.2 R E D U C E  THE T E M P E R A T U R E  TO -100°~  I N  F I V E  M l N U T E S i  I 

NOTE: THE R E L A T I V E  H U M I D I T Y  S H A L L  NOT E X C E E D  F I F T E E N  P E R C E N T .  - 

41.1 THE P R E S S U R E  S W I T C H  S H A L L  B E  S U B J E C T E D  TO A N  
A L T I T U D E  TEMPERATURE C O M B I N A T 6 Q N  O F  258,OQQ F E E T  AND - 1 8 8 O ~  
F O R  A  P E R I O D  OF S U F F I C I E N T  D U R A T I O N  TO CONDUCT THE F U N C T I O N A L  
T E S T  .OF  P A R A G R A P H S  1.1, 1.2 A N D  1.3. 



12.1.1 THE P R E S S U R E  S W I T C H  S H A L L  BE MOUNTED ON T H E  
C E N T R I F U G E  SO T H A T  THE MOST S E N S I T I V E  A X I S  OF THE P R E S S -  
URE S W I T C H  I S  P A R A L L E L  TO THE A P P L I E D  A C C E L E R A T I O N o  THE 
S W I T C H  S H A L L  T H E N  BE S U B J E C T E D  TO 7 G  A C C E L E R A T I O N  F O R  
TWELVE M I N U T E S  I N  E A C H  D I R E C T I O N  ALONG T H I S  A X I S .  

12.1.2 D U R I N G  A N D  F O L L O W I N G  T H E  A P P L I C A T I O N  OF 
A C C E L E R A T  I O N ,  CONDUCT THE F U k C T  I O N A L  T E S T  OF P A R A G R A P H S  
1.1, 1.2 AND 1.3. 

12.2.1 THE P R E S S U R E  S W I T C H  S H A L L  N E X T  BE S U B d E C T E D  
T O  A N  A C C E L E R A T I O N  O F  7c ,  T W I C E  ( O N C E  I N  E A C H  D I R E C T I O N )  
ALONG E A C H  OF THE TWO ORTHOGONAL A X E S  OF THE P R E S S U R E  
S W I T C H .  THE O U R A T t O N  OF E A C H  OF THESE T E S T S  S H A L L  BE 
TWELVE M I N U T E S .  

12.2.2 D U R I N G  AND F O L L O W I N G  THE A P P L I C A T I O N  OF 
A C C E L E R A T I O N ,  CONDUCT THE F U N C T I O N A L  T E S T  OF P A R A G R A P H S  
1 -1 02 AND 1.30 

1 V I B R A T I O N :  (REF.  ( A )  P A R A .  4.1014) i 
1 

( R E F E R  TO F I G U R E  2 F O R  A X I S  I O E N T I F I C A T I O N )  I I 
I 

13.1 THE P R E S S U R E  S W I T C H  S H A L L  B E  S U B J E C T E D  TO THE 
V I B R A T I O N  L E V E L S  S H O W N  I N  F IGURE 1. THE T E S T S  A R E  T O  BE 
CONDUCTED U S I N G  A  L O G A R I T H M I C  O C T A V E  SWEEP R A T E  W H I C H ,  
S W E E P S  W I T H I N  T H E  F R E Q U E N C Y  L I M I T S  OF F IGURE 1 A T  ONE (I) 
M I N U T E  P E R  O C T A V E .  THE T E S T  O U R A T  I O N  S H A L L  B E  30 M I N U T E S  . . 
I N  E A C H  OF THREE O R T H O C A N A L  AXES,  ONE OF W H I C H  S H A L L  BE 
THE MOST SENS t T  I V E  AX I S ,  AT -10o0~ ,  + 1 6 0 0 ~ '  A N D  R O O M  

A M B I E N T  TEMPERATURE.  

13.2 DURING A N 0  F O L L O W I N G  THE A P P L I C A T I O N  O F  V I B R A -  
T I O N ,  C O N O W C T  THE F U N C T I O N A L  T E S T  OF P A R A G R A P H S  lei, 1,2 

14.1 THE P R E S S U R E  S W I T C H  S H A L L  BE P L A C E 0  I N  T H E  T E S T  
9 H A M B E R  I N  SUCH A MANNER T H A T  ALL S I D E S  A R E  E Q U A L L Y  EX-  

T I O N  OF THE T E S T  T O  B E  T E N  M I N U T E S ,  

14.2 ~ u R ~ N c  A N D  F O i L O W l N C  THE A C O U S T I C S  T E S T ,  CON- 
DUCT THE F U N C T I O N A L  T E S T  OF PARAGRAPHS 1.1, 1.2 AN6 l a a c  . 



15.1 S H O C K  P U L S E S  S H A L L  B E  D E L I V E R E D  T H R E E  T I M E S  I N  
I 

E A C H  D I R E C T I O N ,  O N  E A C H  O F  T H R E E  O R T H O G O N A L  A X E S ,  O N E  O F  
I 

W H t C H  S H A L L  BE  T H E  M O S T  S E N S I T I V E  A X I S 0  THE S H O C K  P U L S E S  

S H A L L  B E  O E L I V E R E D  W I T H  T H E  U N I T  I N  T H E  A C T U A T E D  A N D  O E -  
A C T U A T E D  P O S I T I O N e  

THE F O L L O W 1  N G  S H O C K  P U L S E  S H A L L  B E  A P P L I E D :  

S A W T O O T H  ~IAVE: 2 0 G  A M P L I T U D E , ,  10 M I L L  I S E C O N D  D U R A T I O N .  

16.1 THE P R E S S U R E  S W I T C H  C O N T A C T S  S H A L L  B E  M O N f T O R E D  
O U R I N G  A C C E L E R A T I O N ,  V I B R A T I O N ,  A C O U S T I C S  A N D  S H O C K  T O  V E R -  
I F Y  T H A T  S U B S E Q U E N T  T O  S W I T C H  A C T U A T I O N  P E R  P A R A .  1.2, T H E  
C I R C U I T  B E T W E E N  P l N S  8 A N D  C, A N D  P l N S  F A N D  G ,  D O E S  N O T  

O P E N  U N T I L  D E A C T U A T I O N  P E R  P A R A .  1.3 A N D  T O  V E R I F Y  T H A T  S U B -  
S E Q U E N T  T O  S W I T C H  D E A C T U A T I O N  P E R  P A R A .  1.3 T H E  C I R C U I T  B E -  

T W E E N  P I N S  8 A N D  C,  A N O  P I N S  F A N D  G, D O E S  N O T  C L O S E  U N T I L  
S W I T C H  A C T U A T I O N  P E R  P A R A .  1.2. THE C O N T A C T S  S H A L L  B E  M O N -  
I T O R E D  O N  A C.E.C. MODEL 15-116 R E C O R D I N G  O S C I L L O G R A P H  USING 
G A L V A N O M E T E R S  H A V I N G  A R E S P O N S E  O F  o T O  2500 cps. NO C H A T T E R  
O F  T H E  S W I T C H  C O N T A C T S  I S  A C C E P T A B L E .  REFER T O  FIGURE 3 F O R  
A  S C H E M A T I C  D I A G R A M  S H O W I N G  T H E  C O N T A C T  M O N J T O R I N G  S Y S T E M .  

17. S E R V I C E  LIFE: - (REF. ( A )  P A R A .  4.1.18) 

17.1 THE P R E S S U R E  S W I T C H  S H A L L  BE S U B J E C T E D  T O  3000 
C Y C L E S  O F  O P E R A T I O N  W I T H O U T  F A I L U R E .  

77.2 A C Y C L E  S H A L L  C O N S I S T  O F  I N C R E A S I N G  A N D  D E C R E A S -  
I N G  THE P R E S S U R E  F R O M  14.7 P S I A  T O  44 P S I A  T O  14.7 P S ~ A  A T  
A R A T E  O F  10 C Y C L E S  P E R  M I N U T E  M I N I M U M .  THE R A T E  O F  P R E S S -  
U R E  I N C R E A S E  A N D  D E C A Y  S H A L L  B E  10 P S I  P E R  S E C O N D  M I N I M U M I  
A N  E L E C T R I C A L  L O A D  OF  2 A M P E R E S  I N D U C T I V E  (L/R = .026) A T  
28 V O L T S  0 . C .  S H A L L  B E  A P P L I E D  B E T W E E N  P I N S  8 A N D  C A N D  F ' 

A N D  G T H R O U G H O U T  T H E  3000 C Y C L E S .  

17.3 F . ~ L L O W I N G  THE S E R V I C E  L I F E  T E S T  C O N D U C T  THE FUN- . 
C T I O N A L  T E S T '  O F  P A R A G R A P H S  I e ' I ,  1.2 A N D  1.3. 

18, A C T U A T ~ O N  A N D  D E A C T U A T I O N  T I M E :  (REF. ( A )  P A R A .  3.5.6) 
18,1 R E P E A T  T H E  A C T U A T I O N  A N D  D E A C T U A T I O N  T I M E  T E S T  OF 

P A R A G R A P H  2, 

: (REF. ( A )  P A R A .  4.7.5) 

19.1 R E P E A T  THE P R O O F  T E S T  O F  P A R A .  3. 



20.1 R E P E A T  THE L E A K  TEST OF PARA.  4. 

21. D I E L E C T R I C  -. S T R E N G T H  T E S T :  (REF .  ( A )  P A R A .  4.107) 

21.1 R E P E A T  THE O I E L E C T R I C  S T R E N G T H  T E S T  OF PARA. 5 .  I 
22. ~ N S U ~ . A T I O N  R E S I S T A N C E :  (REF.  ( A )  P A R A .  4.1.8) 

22.1 R E P E A T  THE I N S U L A T I O N  R E S I S T A N C E  T E S T  OF PARA. 6 .  
.B 

23. C O N T A C T  R E S I S T A N C E :  (REF. ( A )  P A R A .  3.4.4) 

23.1 R E P E A T  THE CONTACT R E S I S T A N C E  T E S T  OF PARA,  7. 

24.1 ' A P P L Y  I N C R E A S I N G  P R E S S U R E  T O  THE P H C S S U R E  P O R T  
U N T I L  THE P R E S S U R E  E X C E E D S  110 P S I A .  MINIMUM BURST P R E S S -  
URE f S  110 P S t A .  

THE P R E S S U R E  S W l  TCH I S  NOT R E Q U l  RED TO ' O P E R A J E  F O L L O W I N G  I I 

THE OURST P R E S S U R E  A P P L  I CAT I ON. 1 
25. F A C I L I T I E S :  FOLLOWING I S  A  D E S C R I P T I O N  OF THE T E S T  E Q U I P -  

MENT TO BE U S E D  TO CONDUCT E A C H  TEST AS PROPOSED H E R E I N .  



25e7.1  TEST  T O  i3E CONDUCTED U S I N G  I N S T R U M E N T A T I O N  
NOT Y E T  PROCURED. 

25.10.1 TO BE CONDUCTED BY G A R W O O O  ~ A B O R A T O R I E S ~  ~ N C .  

25.11 V I B R A T J O N :  

25,11,1 V I ~ R A T I O N  E Q U I P M E N T :  M.B. MODEL %-51-MC 
A M P L J F  I E R ,  MODEL C-10 E X C I  T E R ,  ~.IODEL M3 V I B R A T I O N  METER. 

1 
125.11.2  TEST STAND:  FREBANK M..DEL TE 146-1, 0-5000 psr 

%?,I2 Acovsvrcsr 

25,12e1 TO BE CONDUCTED B Y  A M E R I C A N  L A B O R A T O R I E S  OW 



25.13 z o - s :  

25.13.1 T O  B E  CONDUCTED B Y  G A R W O O D  L A B O R A T O R I E S ~  INC. 

25.14 C O N T A C T  M O N I T O R I  NG: 

25.15.2 P R E S S U R E  G:.UGE: H E ~ S E  0-100 P S I ,  S/N H-12098. 1 

26.1 THE R E P O R T  S H A L L  B E  C O M P I L E D  I N  A M A N N E R  CON-  
S  I S T E N T  W I T H  C O N V E N T I O N A L  E N C l  N E E R I  N C  REPORT FORM. I 

26.2 THE R E P O R T  S H A L L  O E S C R I  O E  THE T E S T  M E T H O D  AND 
C O N D I T I O N  AND F U L L Y  S U M H A R I Z E  THE T E S T  R E S U L T S  AND ANY 
F A I L U R E S  OR L I M I T A T I O N S  E N C O U N T E R E D .  A D E S C R I P T I O N  OF 
T E S T  E Q U I P M E N T  AND PHOTOGRAPHS OF T E S T  S E T U P S  S H A L L  A L S O  
8 E  I N C L U D E D .  









F3EBANK COMPANY 
711 \[JEST B R O A D W A Y  
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PURPOSE: 

To present the results of the additional design evaluation tests  
conducted on the redesigned Frcbank P re s su re  Switch Pa r t  
Number 4640-1. These tes ts  were  conducted in accordance with 
DAC VIR M38576 and the applicable paragraphs of Douglas 
~ ~ e c i f i c a t i o ' n  7851 860- 1, Rev. "EM. 

REFERENCES: 

Douglas Aircraft Company VIR M38576. 
Douglas Aircraft Company Specification 7851860- 1, Rev, "E". 

DESCRIPTION O F  TEST SPECIMEN: (Ref. para. 4.1.1.1.3) 

Three (3) units, Pa r t  Number 4640-1, Serial Numbers 108, 109, 
and 110 were subjected to the required test program. 

These pressure switches were assembled in accordance with 
Frebank Company Drawing No. A4640 - 1, Change "Dl', and 
Frebank Company Drawing No. 4640-1, Change "F". These draw- 
ings a r e  included herein a s  Figures )L and 2 on Pages 9 and 10, 

The actuation pressure l imits  are: 

Increasing Pressure:  31.5 LO. 5 psia 
Decreasing Pressure:  30.5 f 0.5 psia 

REQUIREMENTS: (Ref. para. 4.1.1.1) 

The Design Evaluation Test  Requirements were conducted in 
accordance with DAC VIR M38576 and the applicable paragraphs of 
Design Evaluation Test Procedure for  Engineering Report 
Number 178, a s  approved by D.A.C. in  their VIR M37432. 

TEST PROCEDURE AND RESULTS: 

5.1 Furactional Test: (Ref ,  para. "1 1 1. 4) A test stauld using 
gaseous dt roger r  gar DPS 4,920 as the t e s t  m e d l w ,  smploytng a 
16-inch diameter Bourdon tube gauge wieh, 0 . 1  psi d d m m  grad-- 
Mons and a f u l l  scale accuracy of 115 percent was used Lor &a 
observation of the pressure setange. .A signal light circuit d L k h  a 
2 ampere inchucave load at 28 VDC was used in c o r e J ~ ~ ~ c ~ e n  \ F P l ~  L&e 
rrauge to fnacate pressure switch actmaon.  
Id 



The unit under test was connected to this test stand and the applied 
pressure was increased and decreased from 14.7 to 32 psia, o r  
to the point of switch actuation if over 32 psia, to 14.7 psia. The 
rate of pressure increase from 30 psia to actuation and rate of 
decrease from 31 psia to deactuation was approximately 5 psi per 
minute. The pressures at which the unit became energized and * 

de-energized were observed. All test  units successfully completed' 
the functional test and the f i r s t  five ( 5) cycles of 'the test  results  
a r e  recorded in  Table I, 

5 .2  Proof Test: (Ref. para. 4.1.5) This test was .conducted 
using the same equipment a s  described in the Functional Test.  

A pressure of 66 psia was applied for one (1) minute. No failvre o r  . 

leakage occurred a s  a result of the pressure application. 

5 .3  ~ i e l e c t r i c  Strength Test: (Ref. para. 4. 1.7) This tes t  - 
was conducted using a 0-4000 volt hypot set at 500 volts per  megohm. 

1000 VAC RMS a t  60 cps was applied to each unit for one (1) minute 
between the receptacle pins A, B, C, E, F, and G and the body. 
The unite showed no evidence of dielectric breakdown a s  indicated 
by the hypot during tests.  

5.4 High Temperature Test: (Ref. para. 4.1 .9 )  This tes t  
was conducted using the same equipment described in  the Functional . 

. Test  while the unit was encased in a Wyle Model DN104 ']Tempera- 
ture Chamber, range -320°F to f 350'~.  

The unit was stabilized a t  room ambient temperature and the 
Functional Test  of para, 5.1 was conducted, While cycling the unit, 
f rom 14.7 psia to 44 psia to 14,7 psia a t  a rate of 10 cycles per  
minute with the rate of pressure  increase and decay exceeding 10 psi 
per second, the temperature was increased to t160°F, wiehin ten 
f 10) minutes, The temperature was maintained for fifteen minutes 
and fie Fwctional  Test  of para, 5.1 was conducted, The tccampra- 
ture waa then stabilized at room ambient temperature and Uza 
FwzcMonal Test of para. 5.1 wae conducted. AZI test units success- 
fd ly  sempleted the tast. The, seeulte a t e  recarded in Table X, 

ment deacdbed in  &a High 
Tempe raturs 3's eQ 

"She mi$ wae stabtlised a& - I O O O F  and nnaintdned for  fous (4) firburs, 



The Functional Tes t  of para. 5.1 was conducted. The temperature was 
then stabilized a t  room ambient and the Functional Test  was conducted. 
All tes t  units successfully completed the test.  The results a r e  
recorded in  Table I. 

5.6 Thermal Shock Test: (Ref, para.  4.1.11) This test  
was conducted using the same equipment described in the High 
Temperature Test .  

The unit was stabilized a t  a temperature of +160°F and the Functional 
Test  of para.  5.1 was conducted. The temperature was reduced to 
- 1 0 0 ~ ~  at  a. rate in  excess of 3 0 O ~  per second and maintained for 
fifteen minutes. The Functional Test  was conducted. The tempera- 
ture was then stabilized a t  room temperature and the Functional Tes t  
conducted. All t e s t  units successfully completed the test. The results  
a r e  recorded i n  Table I. 

5.7 Vibration Test: (Ref. para.  4.1.14) The tes t  was con- 
ducted using the same equipment a s  the Functional Test  in  con- 
junction with a Mantec Model EP125 Temperature Chamber, range . 

-320°F to +600°F, M. B; Model T-51 -MC Amplifier, Model C-10 
Excitor and Model M3 Vibration Meter. 

The tes ts  were conducted using a logarithmic octave sweep rate within 
the frequency l imits  of Figure 1 ,  Appendix I, of Report No. 178, a t  
approximately one (1 )  minute per octave, The tes t  duration was 
30 minutes in  each of the three (3 )  orthogonal axes, shown in  Figure 2, 
Appendix I,  of Report No. 178, a t  - l O o O ~ ,  t16O0F, and room ambient 
temperature. During the dbra t ion  test ,  pressure  settings were 
checked in accordance with para. 5.1 a t  octave intervals of 5, 10, 
20, 40, 80, 160, 320, 640, 1280, and 2000 cps. No switch element 
chatter fccur red  a t  any time, and a l l  Functional Test  results were 
within tolerance, except a s  noted in  paragraph 6 .  The .results a r e  
recorded in Tables I and XI. 

Although no apparent resonarices were encountered, the c ~ i a c a l  
point during vibration was determined to be in  the X a x i s  at  11280 cps 
and 20 g acselbraaon. 

5.8 (Ref ,  para. 4,lL,17) The t e s t a  
were conduc e s t  using a C,E,C, Model 5-116 

i Recording Oscillograph using galvanometers ha.sing a 0 to 2500 cpe 

I . r e s p n s e  rate. 
t 
ii a 

I The s e s d t e  of the test a r e  rewrted In para, 5,7, 
7 



5.9 Repeat of Proof Test: (Ref, para,  4.1,s) The test  
equipment and procedure were identical to the initial Proof Test  of 
para. 5.2. 

No failure o r  leakage occurred a s  a result of the p ressure  applica- 
tion. 

5.10 Repeat of Dielectric Strength Test: (Ref. para. 4.1.7) 
The test  equipment and procedure were identical to the i n i ~ a l  
Dielectric Strength Tes t  of para. 5.3. 

All test  units successfully completed the repeat Dielectric Strength 
Test. 

5.11 Burst  Test: (Ref. par.  4.1.19) The t e s t  was conducted 
on a Frebank Model T E  146- 1 tes t  stand using a 0 - 5000 psi Heise 
P re s su re  Gage. 

A minimum pressure  of 110 psia was applied to al l  tes t  units a t  
room ambient temperature. All test units successfudly completed 
the Burst  Test  without leakage or  fd lure .  

DISCUSSION: 

6.1 During the vibration test,  the diaphragm in  Serial  
Number 109 ruptured, and allowed pressure  to leak into the switch 
case,  The unit was disassembled and the aaph ragm was examined 
to determine the cause of the failure, I t  was found that the diaphragm 
failed in a wrinkled a r ea  adjacent to the clamped and soldered perinn- 
ete re  The wrinkles, causing high s t re  sse  s ,  were evidently caused 
during r e  assembly operation-when torque was applied to the P a r t  
Numbe~r 4868 Fitting. By modifying the assembly teckdque,  ~s 
conditiin has been eliminated, The unit was reassembled, and the 
tes t  program on Serial Numbex 109 was again conducted in i t s  
entirety, The unit pe rformed satisfactorily throughout f i e  & s t  pro- 
gram except as noted in  pahagraph 6 , 2 ,  

6.2 It will be nbted in  Table I, pagas 13# 14, 15, 16, 17, 21, 22, 
28,  29, 30, a~ td  3 1, that all &pee t e a t  un8ts exeeedad the speeflFaed 
tolberar~ces during a s  extreme temperature phaesa 0%: &e .Ib%braHsn 

6,Z, 1 By compazPing L%ae reedt lo ~f ~ c a  
sMng %armaP aback sra page 12 , 



i t  can be seen that a 0 .  3 psi shif t  of the p r e s s u r e  switch sett ing 
occur red  during the vibration tes t .  This  shift showed up on the 
f i r s t  setting recorded during vibration, a s  shown on page 13. As 
a resu l t  of the p r e s s u r e  sctting inc rease ,  the subject unit was  r e s e t  
and again stlbjected to the vibration tes t .  The second vibration t e s t  
was conducted in  accordance with the t e s t  procedure except the high 
tem?era ture  portion was per formed a t  f 125OF p e r  VIR M39322. The 
unit completed the t e s t  within the specified tolerance.  These r e s u l t s  
a r e  presented i n  Table 11. 

6.2 .1 .1  Correc t ive  Action: All p r e s s u r e  switches a r e  now 
subjected to a p r e  -final assembly  vibration "shake down" to preclude 
fu r the r  setting shift a s  experienced i n  this  case .  In addition, all 
p r e s s u r e  switches a r e  subjected to a vibration requirement  during 
acceptance testing. The design evaluation t e s t  units were  not sub-  
jected to th is  acceptance vibration tes t ,  as the c r i t ica l  frequency 
f o r  this  t e s t  had not yet been determined. 

6.2.2. Se r i a l  Number 109: I t  will be noted on pages 21 and 22 
of the t e s t  data  that this  unit failed to m e e t  the specified tolerance - 
during vibration a t  t 1 6 0 ~ ~ .  The  high tempera ture  portion of the 
vibration t e s t  was  repeated a t  t 125OF p e r  VIR M39322. The unit 
completed the t e s t  within the specified tolerance. These  r e su l t s  are 

I 

I 

presented i n  Table 11. / 

6 . 2 . 3  Se r i a l  Number 110: By comparing the resu l t s  of the 
room tempera ture  calibration following the rma l  shock on page 26 
with the room tempera tu re  calibration r e su l t s  following vibration 
on page 31 , it can be  seen that a 0 . 3  psi  shift of the p r e s s u r e  sett ing 
occur red  during the vibration test .  This  shift showed up on the first 
sett ing recorded during vibration, a s  shown on page 27. As a r e su l t  
of the p r e s s u r e  setting inc rease ,  the subject unit was r e s e t  and again 
subjected to the vibration tes t .  The second vibration t e s t  was con- 
ducted i n  accordance with the t e s t  procedure except the high t empera -  
tu re  portion was per formed a t  t125OF p e r  VIR M39322. The unit 
completed the t e s t  within the specified tolerance. These r e su l t s  are 
presented i n  Table 11. 

6 . 2 . 3 . 1  e o r r c s t f v e  Astfon: The es r ree t ive  action described 
f o r  Se r i a l  Number 108 in  paragraph 6.2.1.1 would apply equally to 
Se r i a l  Number 11 0, and all future units. 
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VIBRATION 

I 

NOTE: Vibra t ion  test  d a t a  on S/N 109, p re sen ted  

on pages 20 through 24 of Report No, 178, 

. addendum 1, have been d e l e t e d  because t h e  

t e s t  was conducted i n  accordance wi th  out-  

dated v i b r a t i o n  requirements .  See page 

No. SM-82 f o r  v i b r a t i o n  t e s t i n g .  







NOTE : 

VIBRATION 

Vibration t e s t  data on S/N 110, presented 

on pages 27 through 43 of  Report No. 178, 

addendum 1 ,  have been: de l e t ed  because the  
. 
test was conducted i n  accordance with oyt-  

dated v ibrat ion  requirements, See  page 

No. SM-82 f o r  v ibrat ion  t e s t i n g ,  . 

, . 



TABLE 11, VIBRATION RETEST S/N 108, 109, 110 Ci 
3 1  

I 

NOTE: Table  I1 has  been d e l e t e d  i n  i ts e n t i r e t y  

s i n c e  t h e  v i b r a t i o n  tes t  d a t a  were c o l l e c t e d  
I 

i n  accordance w i t h  ou tda ted  requirements .  

See  Addendum 2 t o  Report No. 178, page 

SM-82, f o r  v i b r a t i o n  t e s t i n g  of t h e  redes igned  

p a r t  p e r  r e v i s e d  requirements' .  
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T Q  P R E S E N T  T H E  R E S U L T S  O F  T H E  V l R R A T l O V  T E S T  P 5 0 6 9 A N  1 

c O N D U C T L D  or,  F K E I B A N ~  P R E S S U R E  Sr.1 T C H  P A R T  N U M B E R  

T H I S  T E S T  P R O G R A M  W A S  C O N D U C T E D  I N  A C C d S O A N C E  W I T H  

F S E U A V K  C O M P A N Y  V I B R A T I O U  T E S T  F S O C E D V R E  F ~ R  

F R E B A ~ K  C O M P A N Y  P A R T  N U M B E R  4640-1 P R E S S U R E  S W I T C H .  

2.0 ' REFERENCE 

O O U C L A S  A I R C R A F T  C O M P A N Y  S P E C ~ F I C A T I O N  7851860-1 R E V .  "R". 

T W O  (2 )  P R O D U C T I O N  ' J N I T S ,  P A R T  h l U ~ i 3 E R  4640-1 S E R I A L  NUY- 

B E R S  124 & 125 W E R E  S U B J E C T E D  T O  T H E  R E Q U I R E D  T E S T  P R O G R A M .  

4 . 0  REQUIREMENTS 

THE V I B R A T I O N  T E S T  R E Q U I R E ~ E N T S  W E R E  ~ O N D U C T E O  I N  A C C O H O -  

A N C E  W I T H  F R E 0 A N K  C O M P A N Y  V 1 6 R A T I O V  T E S T  ~ R o C E D U H E  F O R  I 

! 
F R E B A Y K  C O M P A Y Y  P A Q T  ~ J U W B E R  4640-1 P R E S S U R E  S W I T C H .  I 

I 

5.0 TEST - BRQGED\fRE AX!: SESULTS 

5.1 F U N C T ~ ~ N A L  - T E S T  

A T E b T  S T A N D  U S I N G  C L E A M  D R Y  A I R  A S  T H E  T E S T  M E D I U M ,  E M P L O Y -  

I R J C  A  1 2 - I N C H  D I A M E T E R   OURD DON T U f ? E  G A U G E  W I T H  0.2 P S I  

M I N I N U N  G R A D U A T I O V S  A N D  A  F U L L  S C A L E  A C C U R A C Y  O F  1/5 P E X C E : d T  

W A S  U S E D  F O R  T H E  B Q S E R Y A T I O N  O F  T H E  P R E S S U R E  S E T P I N G S D  A 

S I G N A L  L I G H T  C I R C U I T  W l T H  A 2 A M P E R E  I N D U C T I V E  L O A D  A T  

28 Vm W A S  y S E D  1 %  C O N J U N C T  l Q Y  b I T H  T H E  G A U G E  T O  I N D I C A T E  



THE U N I T  U N D E R  T E S T  W A S  CONNECTED TO T H l Y  T E S T  S T A N D  AND i 
T H E  A P P L I E D  P R E S S U R E  MAS I N S R E A S E O  AND D E C R E A S E D  FROM 

14.7 P S l A  TO THE P O l M T  OF P R E S S U R E  S W I T C H  A C T U A T I O N  TO 

14.7 P S l A .  THE RATE O F  I N C R E A S E '  FAOM 30 P S I A  T o  

A C T U A T I O N  AND R A T E  OF D E C R E A S E  FROM 31 P S I A  TO DE-  

A C T U A T I O N  W A S  A P P R O X I M A T E L Y  5 P S I  PER M I N U T E .  THE 

P R E S S U R E S  AT W H I C H  THE C I R C U I T S  BECAME E N E R G I Z E D  AND DE-  

E M E R G l t E D  WERE OBSERVED.  ~ O T H  T E S T  U N I T S  S U C C E S S F U L L Y  

C O M P L E T E D  THE F U N C T I O N A L  T E S T  A M D  THE F I R S T  F t v e  ( 5 )  

C Y C L E S  OF THE T E S T  R E S U L T S  ARE RECORDED I N  T A B L E  1 .  

i 

! THE T E S T  WAS CONDUCTED U S I N G  THE SAME E Q U I P M E N T  A S  THE . I 

. . 
T I O N  M E T E R .  T k l  T E S T S  MERE CONDUCTED U S I N G  A L O G A R t T H M l C  

O C T A V E  SWEEP R A T E  W I T H I N  THE F R E Q U E N C Y  L I M I T S  OF F I G U R E  1, 

OF A P P E N D I X  I ,  AT A P P R O X !  M A T E L V  3 . 5  M I N U T E S  PER O C T A V E ,  

! W I T H  A  P A U S E  AT  THE EMD OF E A C H  OCTAVE TO CONDUCT A  ONE ( 1 )  1' 

E A C H  OF THE THREE ORTHOGONAL A X E S ,  SHOWN I W  F I G U R E  % OF . I 
I ~ ~ P P E N D I X  1 ,  A ?  - ? 0 0 ' ~ ,  +?25°~I A N D  R O O M  A H B l E N T  TEMPERA-  

I P U R E .  T H I S  M A B E  A T O T A L  OF N I N E  HOUR8 F O R  E A C H  V N l T  UNDER I 
V I B R A T O R Y  C Q M d l T I B N S ,  D U W I M G  AND F O L L O W I N G  T H E  V I B R A T I O N  I 
T E S T ,  P R E S S U R E  S E T 7  I N G S  WERE C H E C K E D  1N A C C O R D A H C E  W I T H  

e 



C A L ~ A N O W E ~ E R S  H A V I N G  A o T o  2 5 0 ~  C P S  R E S P O N S E  R A V E .  

I 
THE R E S U L T S  3 F  T H E  C O N T A L T  ' ~ o M I T O S I Y C  T E S T  4 R k  R E P 3 9 T E B  I 
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TEST SPECiMEN 
-*--- --- I 
T W O  ( 2 )  P R E S S U R E  S W I T C + I E S  S H A L L  E E  S U R J E C T E D  T O  T H E  P R O -  

C H A M  A S  S P E C  I B I E D  ~ E H E  I d .  B O T H  O F  T H L S E  S W I T C H E S  M U S T  BE 

1 C L E A N  D R Y  A I R  A N D  G A S E O U S  U E L l ~ M  A S  R E Q U I S E D .  

I 
I 
i TEST CCND l T l ON2 

T E S T  M E D I U M  

E L E C T R I C A L  C A P A C I T Y :   AMPERES l N D U C T I V E  A T  28 V O L T 5  3eC.  

9 A ~ ~ ~ & ~ ~  T E M P E R A T U R E :  G O O F .  T O  806%. U N L E S S  O T W F R C ~ I  b e  
S P E C I F I E D  

I 
I 

I 
I 

F L U I D  T E M P E R A T U R E :  60°7. r o  80°F. U ~ L E S S  O T W E R W I ~ E  

S P E C I F I E D .  

- i '  

INSTRUFEHP - A C C U R A C I E S  - 
~ A L ~ ~ R A P ~ O N  P R E S S U R E  ~ A u G E S :  1 1 5  P E R C E N T  O F  F U L L  S C A L E  

W E A B I M G e  

T r n ~ % w ~ r u a E  K E C O R D E R ~  25 D E C R E E S  F A & R E H H L  I T ,  



TEST PROCEDURE 

THE T E S T  P R O O R A H  I S  T O  B E  C O N D U C T E D  O N  E A C H  W H I T  I M  T H E  

O R D E R  S P E C I F I E D  I N  T H E  F O L L O W I N G  P A R A G R A P H S *  

U S E  C L E A N  D R Y  A I R ,  R E C O R D  THE F I R S T  F I V E  ( 5 )  G V C L E B  Q P  

P R E S S U R E  S W I T C H  O P E R A T I O N  O F  E A C H  S E R I E S  09 T E S T S *  A S  

R E Q U I R E D  B Y  T H I S  S P E C t P I C A T I O M e  

A P P L Y  30 P S l h  T O  P A E S $ U R E  P O R T .  THE S W I T C H  S H A L L  R E W 4 1 M  

I O P E N  B E V V E E N  P I N S  8 A N D  c A N D  P I N 8  F AND d .  

C L O S E  A T  3 1 , , 5 % 0 . 5 p ~ l ~  B E T Y E E M  P I N 8  8 A N D  C AND P I N S  F A N D  

T I O N  S H A L L  B E  A P P R O X I M A T E L ;  5 P S I  P E W  M ~ N W T L ,  

T E S T S  S H A L L  RE  W I T H I N  ~ 0 . 4 P S l  O F  T H E  A C T U A T I O N  P R E S S U R E  

O F  T H E  S E C O N D  C Y C L E .  

R E P E A T A B I L  l T Y  06  T H !  W O  A N D  S U B S E Q U E N T  A C Y U A I I O H  P O I  M Y 9  

s ~ a e L  B E  w l " H I N  91 P E R C E N T  O F  THE S E C O N D  C Y C L E  A C T V A T  I O N  
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B E T W E E N  P I N S  €3 A N D  S A Y D  P O N S  F A N D  G e  THE R A T E  OF P w Q a -  

S U R E  D E C R E A S E  F R O M  31 P S I A  f Q  O E A C T U A t l O W  %HAL.b 8 E  A P P F Q O X -  

BWAbCbY 5 P S I  P E R  M I N U T E e  

2.0 VSORATION - ( R E F .  ( A )  P A R A .  4.1.14) 

( R E F E R  T o  F I G U R E  2 F O R  A x i s  I D E W P ~ ~ I C A T I O N ) .  

T H E  P R E S S U R E  S M l T C H  S H A L L  B E  MOUNTED TO F I X T U R E  TE-377, 

l M S V A L L E O  O M  A V l B R A T l O N  E X C I T E R  A N D  S U B J E C T E D  TO T H E  

L E V E L S  SHOWN I N  F I G U R E  l a  THE T E S T S  S H 4 L L  B E  CONDUCTED 

U S I N G  A L O C A R l f H M I C  SWEEP R A T E  OF 3.5 H I M U T E S  P E R  O C T A V E .  

Twa T E $ T  OWRAT !OM S H A L L  B E  ONE ( 1 )  H O U R  I N  E A C H  OF THE 

T H R E E  (3)  OATHOGANAL A X E S ,  ONE O F  W H I C H  SMALL BE THE HOST 

S E N S t T t V E  A X I S w  AT -100 R O O H  A M B I E N T  T e H P E R A T U R E w  AND 

+ 1 2 5 0 ~ .  T O T A L  V 1 8 R A T  ION 9 1  WE SMALL BE 9 HOURS F O R  E A C H  

P W E 8 8 V W E  S V I V C H a  

2.2 

THE U N I T  SMALL B E  W O M l T Q R E D  F O R  E V I D E N C E  O F  A M Y  A E G O M A N C E .  

A L L  R E S O N A N C E S  S M A L L  B E  RECORDED.  

293 

3 ~ ~ 8 ~ 6  A N D  F O L L O M I M C  T H E  A P P L I C A T I O N  O F  V i B R A f l O N B  C O N D U C T  

PWL F U M C t D O N A h  T E S T  06 P R R A G R A P H  3 .  

/ 3.0 CONTACT MONITORING ( R E F .  ( A )  PARA. 4.1.17) I 
4 4 1 

T H E  PRSSOURZ S W I T C H  C O N T A C T S  S H A L L  BE H O M D T O R E D  D U R I N G  
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I 

V t B R A I l d N  T O  V E R 1 F Y  T H A T  ~ V B B E Q U E N T  T O  G V ! t C H  A C T U A T l O W  

PER P A R A a  T H E  G l R C V f t  B E T W E E N  P I N 9  B A N 0  C AND P I N 9  

F AND G I  b 0 E 9  NOT O P E N  U N T I L  6 t P C T U A T I O N  P E R  P A R A @  1.3 

A N 0  T O  V E R I F Y  T H A T  d V B S t Q U B N ?  T O  S W I T C H  OEACTUAT I O U  PER 

P A R A .  1 .3  T H E  C l R C V l B  8 & T W E E N  P l M 3  B AND C AN; P l W S  F A M 0  

G p  DOES NOT CLOSL U N T I L  S W I T C H  A C T U A T I O N  PEW P A R A @  1.2. 

Tnh C o N T A C T a  S H A L L  BE W O H l T O W t O  ON A C a E . C ,  MOOEL 5-916 

R P C O A O I M G  O S C I L L O G R A P W  U S I M C  G A L V A W O H C T B R S  H A V I N G  A 

R E S P O N S E  Y O  0 1 0  2500 e p s ,  

N O  C H A T T E R  OP THE 8 W l T C H  C O N T P C T I  I 8  A C C E P T A B L E .  R L F R R  

# O N !  T O R I  N Q  S Y % T @ R a  

C Q N V L # Y I Q N A b  & N ~ I M L t R l H Q  A O P 9 9 P  P b R M a  
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763 SOU3-4 ipA!L AYE. 

$t;QP-IPZ"LtO, CALF. 

5, REFERENCES 

Abbreviated Farm 

P. 0, 10226 F~"~xcfia~cti Order No, 1022$ b t e d  5-10-63 f r ~ m  
2% ,bank Company, 

%- . xsbank Cornpang. Design. Eva.Iuatba Test Pr cs- &'. 

C G ~ L I F Q  fez  Eagiaeoriag Repo r t  Nab 178$ Park 
Itfwmbsz. 4640-1, Pressure Switch, Re'ynteion "B" 
&?-$~d B - 10-dd2, 

2. DESCRXPIRXQN OF UNITS TESTED 

The units4 s a b d t t a d  f o ~  t s e t  were two sampkes.of Frebaak 
P I N  4640-1, S/N% 1124 and 129. The unit% were  pressure  actuated davisas sacla 
04 which contained $wra SPDT svritchas, Each land& avae fi"&ed with apa sbectricd 
sonnectoa. and with a pressure; port of d/4" tube size, The awiteh body was 
c\rlindrica1 in shape, and fsas mounting Psxgs w e r e  attached. The units w@ske 

designed to  actuate on inereatiing pressure at 31.5 + 0.5 IJm and to deac8uab 
at 30,s ta: Oe 5 P5M oa decreasing pressure, 

3, BUR 3?0 SE 

The  purprsars of this t e s t  program was to stabg'act the m i t a  to  
the foUo\ving teats of DETP 178: 

:Parpa. 
P 

Test 

I I ,  Altitude? Temperature 
1 2. Arscslaratiora 
15. Shock 

The  pressurizing fluid for tho program w n o  to be clean dry sir. The Functional 
Tast, Pora, I,, wac to b l  parform-d on the units duriiag and/or &ter the tests 



708 SCgUTd VA81 AVE. 

MONTEEELLO, CALIF. 

TEST R E P Q Z T  

Tha unitn wcra  subjaceod to the taots ao roqdrad.  ~ o t h  epsei-  
mens opesatad wi0;ho~x.t ml9unctkog, thr~aghokkt &ha  COB^ gscrgram. There w a ~  a0 
e v i l o n c e  of domago to sither anit as a result af the tgat conditions, Performhcs 
of &ha un$.%s was within @he r a q u i ~ o d  specificattoa limit." at all time8 during the 
pragr~m.  See Tob1.a~ 1. aad 2. Thsra weo no chatter or other interruption of . 
cir-euiat contBt7,aity darin3 03,tkBor the AccoHcretiion or Shock Taata. B.&h &nee wepa 
eonz3-ide~ed to b y e  passed the t e s t 5  to (rvbich they w e r e  atabjectad %?a this hbosatory, 

5. TEST -METMODS AND RESULTS 

5, k FUNCTIONAL TEST 

5, B, h Roga~nfrsmazts -- DETP 178# Para. 1. 

5.1.2 NstEaodo -- This tos t  was r e q d ~ e d  can numessus o c c a a $ o ~ ~  $tar- 
ing the pgsgcam ts d~motg~t ra te  ~atiafactory operation of the unite during md/or 
after ~ ~ t b j e  cttng the 8am.ple~ to the ~ n d r ~ n m n b l  O O ~ & ~ B O O E C .  The O C C & @ % ~ ~ B  

which this teat  was performad as& Iistt3d fm Tsbleea h and 2 of this report. The 
t e s t  was eond~ctsd in &he f ~ ~ l t ~ w k k ~ &  m n a 0 r ~  

5,1*2,1 T e ~ t  Setup -- The unita~ades t es twas  i tg~tal ledinthe ~ ~ t r a p d i a -  
g r ~ m m e d  iea. F i g u ~ a  1 of $ h i t 3  ~ e p ~ t t .  C l e m  dry air was used ae3 ths pree~swizfag 
medium. The earnpls wee oubjected to five cyclos of operation on each a e ~ ~ i a a  
as Enacated in tho Tables, 

5,1,2.2 
raised from aars 
obser-red to dete* 
$wean phna F and 
tian wete made in  

Non-Actmtfopa -- A i r  preasusa on the pressure port W&B gradmlly 
to 30 PSA,,Y W i t h  3 0  PS?A maintained, the gigaa% Ihghto were 

&mine that &I+ switch r e m i n e d  open beWeea% pins B end C ah88 be- 
G, E ne actuaasra (4f the switch 0ccusr"ed at thins preasusa, aaclb- 

the appropriate place an $ha data sheet. 



5, 1.2.3 Actuation P;*sri s u r e  - -  The air pressu re  was gradually r a i ~ e d  
v.ntik the switch actuated as evidenced by Lhe nigwal l ights ,  The ;rate of pressalpe 
increase f r o m  30 PSBA do actvation was approximately 5 PSI p e r  minute. Actua- 
tion pressure  waa recorded  and waa cornparod to Ldne specification requirement  
for  actwtboa at 3 1.5 & 0 . 5  PSW. Actuatiosh p r e s s u r e  during the f i r s t  cycle wa8 
to be within n o ,  4 PSI of the actuation preezuye during the second cycle of any 
series. t'Eepea.tabf,lity of * a  third and subsequent actuation points was to bs within 
a 1 pescant of the ~ea30nd cycle actuation pzeraeure, 

5 .  I .  2.4. Beactnation P r e s s u r e  - -  A-f ter  actuation during each of 5 cycles ,  
Lhe pressure on the unit was gradually reduced until deactuation occur red  as evf- 
d ~ 3 c s d  by a change in the signal Sights. The rate of pressure decreaoe from 31 
PSU to daactuatiow avaa approximately 5 PSI per minute. The deactwtion p r e s -  
oure  was recorded and was compared t~ the specification requirement for opening 
between pina B and C and betwecn pins 3? and G at 3 0 . 5  & 0.5 PSU, 

5.1.3 Results - -  'Acf~~ation and deactuation values during *&e program 
were within the, specifications tolerances at a19 times. See 'Sables 1 and 2 of his  
repor t .  The unito were  toneadered to have passed the ~ u n c t i o n a i  Tasr on the oc- 
casions of it8 performance i n  &lais Laborator.y, 

I 
I 
i 

5 . 2  I I 

I 

5,2. 1 - -  DETP 178, Para, 11. 

tight 
5 . 2 . 2  Methods - -  ~n'ttaraa, each of the units was  installed in a v a c u m  

container. The electrical. connectione were  brought out &rough a b d ~ e a d  
connector in the dab1 of tks  congainer, Pressure was applied through a bu%'&ead 
fitting. Ebectricaf. and presaure connections w e r e  made to the Fmnctlona'b T e ~ t  
se tup  to afbow check-out of tho unb"lduriksg the teat. A &errnocouple juaction waa 
attached to the body of the t e s t  specdmeg "k oal%ow monitoring sf f i e  unit tempera- 
t u r e .  A port in the chamber wae couplad to the VaeuLrlrr pump, aad provisions 
were made? to monitor the p r a n a u r e  tvbtkain the t o a t  container with a tkaerzrrscouph 
v z c u m  gage. The entire containez was cooled with liquid nigrogen until tempera- . 

ture stabilization at - 100QF occurred  as meaaured by &a &ermocoupLe QP the body 
of the speeimcpa. The p r a a a u r e  witkin the t e a t  csatafnese then waa reduced $0 a 
preRsura (1.747 x 10-~rnrn  Hg. ) equivalent to 250.000'  altitude. Under *eoe con- 
ditions, "Ae unit was subjected to %he Fasnctional Teat deecribed in Para, %, 1 0% 
this report, and the resul t s  avere  recorded,  



5 . 2 . 3  R ~ r ; v J t e  - - E~~erraSs~t%6s~ oS ewch &:nit at the C O ~ C I U B ~ O W  O E  the t e ~ t  
discloood no apparent daxago r.o a raou:t of Ulc; $cat  cor.di,tlon~. Performance of 
the un:to Wac.  withila ~pcciflcet ion ?Lmito durliig L%e t c c k  S5oc  tabla^ I and 2. The 
two t e a t  unibo wore s o e ~ i d o r e d  t o  hava paoacd tho A1ti:udo Tcmporeturc Test ao 

5.3 ACCELERATEON TEST 

5.3.2. 8. Acceloratfon S*wcimgia Axto Idoretfficntion: 

X 3 -- Paral8s",&o gloc?gl&udSaaE axfa of switch body sad 
with &s p r s s a w a  port toward the, ceatss of rotation, 

X A ~ E J  - A@ above but $h6 pr@O@U@ aW8)P % F O ~  

tho cenbp  of cen&r$f~g@ rotati~gb. 

Y k i ~  + -- In a ra&aB d % r @ ~ t i o n  with rele-tion to the cyBias&i- 
cal ~ w d t c h  body and with &a mount toward the 
center of ro%a&io~%, 

Y k i ~  - - -  AB absva But with the znoa4nt away from the center 
of csntrlluge rotation. 

z 9 - - In a radial, direction with relatisa to the. cytindrb- 
cs?, a~vi&ch body and wiLh the rnsunt doww on the 
C@Q~P%%~GB ~ O O & W  I 

5.3.2.2 Setup for Tost  - - In tuxn, ee-ch of the s p e ~ t m e ~ , ~  wa@ mauatkad 
an the eentrifcxga boom. The p r e ~ b w t 3  line from L ~ o  port  of Lhs epeschman. wao 
brought cu t  do &e Functiona1 Teat setup &rough a rotating p1898 w e  joint in the 
a % e  sf cen t~ i fuge  sotatisa, T h o  a b s c t ~ i s d  ~coensatfoas w e f a  bedaught ktu% to &a 
Functfoosal Taoe s e t u p  Lhrsc~gh ~ I l p  r h n g ~ .  A eontiwuity mcsaitos waa iaerdailsd in 
LIe 2;1actric~k system ao oho9ovn in  Fi3a11e 1. Tw con",ad&y monitor .ivac deaignasl 
to trip dariag axiy m~meat&ry gods of continui", in f n b  ayste119 b ~ i t h  w su~stained 
e; .?31 wkfeh was vBoSbLe to the peraonnal caa2~nc::ng the teat.  m e  device had a 
rh p a s @  aE better 400 microresondla which viaa equal t o  (szp mere aspnnither 
than the 2500 G P S  requirement of DETP %ill;, 
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5 . 3 . 2 . 3  Conduce of Teo t -- The unit was mounted on %he cafitrbfuge v v i h  
the moat  o sn~ i t i ve  axle ( X )  parallel to Lhe a p p l i e d  accelerat ion force,  The ten- 

trifuge wan atnzted, and the rotational speed w a s  increased until ? gle aecelera- 
t isn w e r e  applhod to GIG unit. Thia accelerat ion Bevel then wso maintained for a 
period of 12 minutea. D u r h g  the per iod sf application of acceleration, the uaiS 
was 811abj~cted to the Faxactional T e a t  doacrdbod in Para, 5, 1.2 ,  and Lhe results 
were recorded, Dusing halt of tho semabnd.sr of the 82 minute period, &e pres- 
sure was increased a;ixl,"s1 the unit aetuted and then wag maintained at  at value. 
The cantact smoni"sohng device was c\%*b&cJ?eel into the circuit fop iadication sf. any 
opening of Lbe c i z c ~ t i t  between pino B and C and between F and G in  excess 'of 400 
m i ~ r o s e c o n d c .  During the necowd half of thc remainder of the 12. minute period, 
h e  pscaaure was reduced to and maintained at deactuation, The contact monitor 
was observed during &!is period for any irstesruption in the closed contacts 8 - A  
and F-E, This entire procedure was repeated wi th  accelerat ion a p p l i e d  in, the, 
zeverac direction of the X a x i s  and Phen successively in the plus awd.mi.wus direc- 
tions of the 'El and Z = c ~ ,  This reo ulted iaa a total of 6 periode of accelerat ion of 
22 minutea  on each sf the two test spscimcno, At the conclusion of the Aceelera- 
tion Test on each unik, the Functional ~ e a ' t  wacl performed with each unit at resi, 
and the resulats were  recorded.  

5 . 3 . 3  Rest.dt5 -- Examination of each unit at &el G Q ~ C ~ ~ U B ~ O ~  of the test- 
disclosed no apparent  damage as a s e c d t  of the t es t  conditiolao, Neither unit- mall- 
functioned a t  a? ,? time d:l.ring application of acceleration o r  when eubjecked to the 
Functional Tesa; at the conclusion of acceleration, Per formgnce  of bo6h. units was 
within the s pedification requirements at all tkrneo. See Tables 1 and 2. mere 
waa no chatter of the ewitch contacta a& any time during application of the requi red  
acceheratiora force.  Both urait~ w e r e  connidered to have pagsed the Acceleration 
Test  wi'& asaochated Functional Terz; ta a a  coaduc ted in  this Laboratory,  

1 
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5 . 4  SMOCK TEST 

Requ i rensn t s  -- DETP 178, Para. 15,  

X Axis - -  PardleH to laa~btaadiw~1 .axis O E  switch body 
(Sena htive Paia  ) . 

P Axhe -- Normal to  &e pEa.~e of mouatitsg. 
Z Axis -- M~tuckay p ~ i . p o ~ ~ d % ~ ~ ~ l . s ~  &L.? ahad Y &sd6&. 

5.4.2.2 Setup for Teat -- Hza t a rn ,  each o f  the unita was bolted to a jig 
of khick xmagaeoim plate by tha mousatiglg Jugs 02 &he swi tch  body. Thin a ~ e e m b l y  
was aecurad  on $$as tablo of the @hock machine. The p r s a a u r e  pop$ of the unit avaEe 

sonnaected by a length of BlexBbEe; preeoure hose t o  the Functional 'Blest ~etup. The 
ehectrice4, eoslnectols was ~ ~ k s n s ~ e @ d  by suitable wising to the Functional 'Goat taetup. 
An accekerometer wae attached near the. m ~ u n & % n g  point of the unit to a k w  moah- 
tosing of the ohock puX~os ow a calibrated oscblloaco,nc ?'vz;..bs%g the teat.  The con- 
tact monitoring device waa installed in &a circait in a ~maaaer identical to &hat 
previouaHy daecribed for Ac~~2eraiktion T e ~ t  to mo81tor contact chatter a@ re- , 

quire&: by Para. 26, of BETP 1178. 

5.4.2.3 Conduct of Test - - Air gxesauae ow the por t  of the unit W B B  1 ~ -  
sroaaed un t i l  the unit actuated, The cc",t%on p raeau re  Lhen (a166 maintabsasd. The 
cowtinuity monitor was @witched in"B the d y ~ $ e r n  $Q monitor eorati~auikg ba1;F.Jeea pin@ 
B and 63 and between pins F and G ao ~hcpwn ia Figure 1. Under &BIB c ~ B & ~ I Q ~ o ,  
&e unit was subjected to the required ohock p a @ @ .  Prederare ~va.8 then decreased 
until the unit. Beactuatsd, and the presaurc at dsactaatiow. wa~. maintaiaad. t I ~ l  L~%B 
sjoeadition, the continuity monitor chocksd tho normally closed nwitch cbcuZ6. A 
tote1 of three shoe k ~ U I B B B  w e r e  appl ied v~asbth actuation p r e o o u r s  a p p l i e d ,  and a n  
additisnah, total of &rco ehocke waeo s p p l i d .  w%L! deac tuation p r e s  e are applied.  
Each shock pulee wao a sawtooth wave with a chi%aanr fncraaos from O to 35 g ' a  in 
%O miiliseconde. The @hock wave dc%ccyo& from 3% G ' a  almoet iaatantaraeoa~iy at 
the: and of 1 O mfl%,hi-,ecanda, Thia procedure waa repeated on the remaining 
of each unit for a total sf 6 shoctcs (93 sctuetoc? and 3 dcactuated) in $&a p l u ~  direc- 
t ion  and 6 &hocks ia the mbnua diroctbon on each of the 3 axes. This resulted in 
a total of 36  hock on each r;pca,cimon. The continuity monitoring device was ob- ' 

aerved during each absck for indica:%oa of Iooa 06 continuity for a period greater 
the-a% 400 r n b ~ ~ ~ ~ s c ~ n d e r .  At the conclutrion of tAa teak, cis& unit was subjected t o  
,216 Fuwcti~eanB Taot, and &he readtq weza racordsd, 
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5.4.3. Resukta - -  Examination of each of the two units at the conclusion 
of khe test dieclosed no external evidence of damage as a reeult of the: test cot%- 
ditlons. 'kh..ere was no indication of koso of cawitch continuity, chatter or inadves- 
tent  action at any time a5 a result of the shock pralsee. The performance charac- 
tarhatics of *he w e r e  within the specification Limits during the Functional Test 
at the conclaaion of the Shock Teat,  These w a s  no indication that the test conditions 
had causdd a chance in performance of either wit. Both samplsse were considered 
to have passed the Shock Tea"Lvith subsequent Functional Test a8 conducted in this 
Laboratory, 





FIGURE 2 

-Acce le rometer  : Eadevcs  Model 2283, S/N 5225. 19.36 mil l ivs l t s /psak  G. 
. Used %or monitoring shock pulses, 

-Centrifuge?: Wright Engineering blodel 29, Sustained acce le ra t ion  tci 50 G'la, 
Fitted with pressure and electrica:! connection$, 

-C;ornpsessos: fagesso~2-R7,az?,.;.tcl 4215, A i r  pressate t o  5000 PSIG. With Robbfns 
Aviation dehydration and oil ~enaova l  filters t o  0 , l  micron. For t e s t .  
air supply, 

-Continuity Monitor:  Garwood Thyretroa csatlnwity monitoring dsviae, Unit 
designad to give euataigssd indication of any loaa of c i rcu i t  continuity 
i n  excess s f  400 microsecoads ,  # ,  

-Meteiring Bralve~~ (2): Robbins Aviation Model SSKG250-4T, 1/4'l. Used for  
meter ing  af r in and out of the Fonct isnal  . 'kaat s e t u p  to  control p re s su re .  ! 

m 1 3 ~ ~ i U o ~ ~ o p e :  D u M ~ n t  Madel 401. For asplaby of shock pulses,  I 
-Pressure Gees: Heiad 12" Teat Cage, 9 -200 PSIG, +l/5%.. For readoat  of 

actuation and deacttaatlon pressures , 

- P r e s s u r e  Gage: Helicoid 6W200q O - 2000 PSIG; 6", +1/20/a. For determiadtion ' 

of sys%Sern p r e s s u r e  upa t r eam of the meter ing  valves. 
. . 

-Presstare Gage: Ashcrof t  6" Test Cage, O - 36300 PSJG, &1/27'0. For m n i t o r l p g  
pressure of sapply air, 

-Pressure a$eguIa*as: Futurecraft Mods1 40062, O - 3800 PSXG Inlet pressure, 
regulation as des i red  to approdmately 2500 PSIG, Used for regulation of 
air to a canvenfant lave1 upstream of matsrfreg valvss. 

-Shock MzrcMne: VuXsan Modal VC-1, Machine adjustable for hwX @in@, square 
wave OF sarv%oo%h shock wi$"arn*ranaE:y a?nd &uro$ioxa, as required, Intensity 
and dusa tde~  of palas; calibrated a"r,eime ab t se t ,  

-Thermoc=supPe Bridge: Tharmotest Model T-1, S / M  b -148, -1 55°F ts + 4 6 0 " ~  
with i s m  conatantan tkermor9juplas. Accuracy  k2°F, 

-Vacuum System: Veeco Model VZ-d.OIA, S / N  401. Ultimate vaeuam 5 x l o n 7  
torr. Regulated to  1, 747 x !o=' torr  for aimuktion of 250,00Qi altitude. 
Equipped with calibrated thermocouple vacuum gages for moaitorhg 
evacuation or* a ystem, 
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nppm:&nat,ob 5 PSI/$inuta. Hocord deactustion pressure. 
Repaat for total of 5 cyclas, 
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ADMiNiSTRATlVE DATA 

I NAME OF PART: PRESSURE SWITCH 

j PURPOSE OF TEST: ACOUSTICS TESTING 
i 

11 hGANUFACTURER ' S  TYPE OR PART NO : 4640-1 
I I 

DRAWING, SPEC I FICATION OR EXHIBIT:  FREBANK COMPANY DESIGN GVALUAT ION T E S T  PROCEDURE 
F O R  ENGINEERING REPORT NO. 178, REVISION "8" DATED 1/10/62 

SECURITY C h A s s i F l c A T i o N  OF ITEMS: UNCLASSIFIED I/ 
DATE TEST CWPLETED : 511 5/63  

TEST CONDUCTED BY: ROTOTEST LABORATORIES, INC. 

DISPOS/T1ON OF SPECIMENS: THE SAMPLES WERE RETURNED T O  FREBANK COMPANY. 

SIGNATURES: 



I 
1 * o  

Page No 
2803 kos Fleres Bculevard b 

bynwwd, California a Repor? NQ 4643 
NEvada 6-9238 

1. ACOUSTIC NOISE 

2 SAMPLES 

REFERENCE: FREBANK COMPANY DESIGN E V A L U A T I O N  TEST PROCEDURE FOR ENGINEERING 
REPORT [do. 178, P A R A G R A P H S  14, 14.1 AND 14 .2 ;  FREBANK COMPANY PURCHASE 'ORDER NO. 
102 

REQUIREMENT: FREBANK COMPANY DESIGN EVALUATION TEST PROCEDURE FOR ENGINEERING 
REPORT NO. 178 

"14. A c o u s ~  1CS: (REF. ( A )  PARA.  4.1.15)" 

"14.1 THE PRESSURE S W I T C H  SHALL  BE PLACED I N  THE T E S T  CHAMBER I N  

SUCH A MANNER T H A T  A L L  S I D E S  ARE E Q U A L L Y  EXPOSED TO D I R E C T  OR R E F L E C T E D ,  U N A T T E N -  

U A T E D  SOUND WAVES. HIGH I N T E N S I T Y  N O I S E  SOURCESI FROM 40 T O  1 0 , 0 0 0  C P S  W I T H  A 

SOUND PRESSURE L E V E L  OF 150 DB SHALL  BE USED. DURATION OF THE T E S T  T O  BE TEN 

M I MUTES.  I' 

"14.2 DURING AND F O L L O W I N G  THE A C O U S T I C S  TEST,  CONDUCT T H E  F U N C T I O N A  

T E S T  0 t  PARAGRAPHS 1.1, 1.2 AND 1.3." 

FREBANK COMPANY PURCHASE ORDER NO. 102 

"THIS PURCHASE ORDER I S  ISSUED TO C O V E R  THE COST TO CONDUCT THE 

A C O U S T I C S  TEST, I N  ACCORDANCE W I T H  FREBANK DESIGN EVALUATION TEST PROCEDURE FOR 

ENGINEERING REPORT NO 178, REV. "B", PARAGRAPH 14 FOR FREBANK PART NUMBER 4640-1 
PRESSURE SWITCH.  

ABOVE T E S T  T O  B E  CONDUCTED ON TWO (2)  EACH FREBANK PART NUMBERS 
4640-1, S E R I A L  NUMBERS 124 AND 125." 

PROCEDURE: EACH TEST SPECIMEN W A S  I N D I V I D U A L L Y  PLACED I N  THE ROTOTEST 
LABORATORIES A C O U S T I C  N O I S E  T E S T  CHAMBER AND S U B J E C T E D  TO A 10 M I N U T E  N O I S E  

EXPOSURE.  THE A C O U S T I C  N O I S E  FREQUENCY SPECTRUM COVERED THE RANGC OF 37.5 - 
1Q,Q08 C P s  W I T H  AN O V E R A L L  (WIDEBAND)  SOUND PRESSURE L E V E L  OF 147 DB.  THE OCTAVE 

/ BAND L E V E L S  WERE ADJUSTED "FLA'T". 

I N  EACH CASE T H E  R E Q U I R E D  PERFORMANCE MEASUREMENTS OF FREBANK TEST 
PROCEDURE NO. 178 PARAGRAPH 1, F U N C T I O N A L  T E S T S ,  WERE CONDUCTED P R I O R  T O J  n U R l m J  

AND F O L L O W I N G  T H E  T E S T  EXPOSURE.  IN A D D I T I O N  TO THE PERFORMANCE T E S T S ,  T H E  SAMPLE 

j CONTACTS WERE MONITORED FOR E V I D E N C E  OF C O N T A C T  C H A T T E R  AND D Y N A M I C  C O N T A C T  

F L U C T U A T I O N S  D U R I N G  THE N O I S E  EXPOSURE.  

THE PERFORMANCE T E S T I N G  WAS CONDUCTED BY FREEARK COMPANY PERSONNEL,  ' MgTH A S S I S T A N C E  FROV AND W I T N E S S I N Q  e Y  R O T O T E S T  LABORATORIES PERSONNEL .  !I 
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1 .  A C O U S T I C  NOISE - CONTINUED 

PROCCDURE: - C O N T I N U E D  

O C T A V E  BAND FREQUENCY 
R A N G E  O B  F R E Q  cps SPECIFIED REQUIREMENT 

SPL DB GENERAL  RADIO SOUND LEVEL SAME 
M E T E R )  MODEL 1 5 5 1 A )  
S . N .  2 0 8 7 ;  GENERAL RADI o 
RANDOM NOISE GENERATOR,  SAME 
MODEL 1 3 9 0 A )  S.N. 872; 
A L T E C  LANSING HIGH IN- 
T E N S 1  T Y  M l  CROP HONE^ BEFORE US'E 
MODEL 1 8 0 B R 2 0 ,  
180 "DB; GENERAL  
R A D I O  SOUND LEVEL 
C A L  I BRATOR,  SAME 
MODEL 1 5 5 2 8 ,  S .N.  3305 -- - R O T O T E S T  LABOR ATOR I E S  

ACOUSTIC  NOISE F A C ~ L I T Y ~  
S.N. F-7049 

OUR AT  I ON OF EXPOSURE M M I N U T E  S T A N D A R D  E L E C T R I C  CLOCK, 
0/60 M I  N. 0/60 SECONDS 

CONTACT MONITORING -- -- TEKTRONIX O S C I L L O S C O P E ~  LAST ~ / ! 3 / 6 3  
D U A L  TRACE, TYPE 535$ DUE 7]10/63 
S.N. 2353 

NOTE:  PRESSURE M E A S U R l N G  E Q U I P M E N T  L I S T E D  BELOW F U R N I S H E D  BY FREBANK COMPANY. - 
INCREASE PRESSURE P S I  A  e s  l M A R T  I N -DECKER P R E S S U R E  



1, ACOUSTIC NOISE - C ~ M T I N U E D  

RESULTS: 

D A T E :  5 '1 5/63; T I M E :  4:000*; 2 6 ~ ~  
! Y. 

TA : 

08 F ~ E Q  CBL s PL ~ r l  
C P 5  

S a ~ p L E  (P/N 4 6 4 0 - 1  
DD DO M I N U T E  S.N. 

37.5-1 0000 +o 
150-3 10 
7 rrE3 

1 4 7  1 0  124 SAMPLE I N S T A L L E D  I N  
ACOUSTIC N O I S E  TEST 

CHAMBER AND SUBJECTED 

TO 10 M I N U T E  EXPOSURE. 

SAMPLE PERFORMANCE 

TEST CONDUCTED DURING 

EXPOSURE. FOLLOWING 
PERFORMANCE CHECKS 

SAMPLE CONTACTS M O N I -  

TORED FOR EVIDENCE OF 

CONTACT CHATTER AND 

DYNAM l C CONTACT F L U C T -  

UATIONS.  NO CONTACT 
CHATTER-NO DYNAM l C 

CONTACT F L U C T U A T I O N S *  

I IAME 

S A M E  S A M E  S A M E  7 25 S A M E  

JI V ! S U A L  INSPECTION 

/ /  
I 1  A V I S U A L  E X A M I N A T I O N  OF EACY SAMPLE D I S C L O S E D  NO V I S I B L E  EVIDENCE 

i 
OF DAM4GE AS A  RESULT OF THE A C O U S T I C  N O I S E  ENVIRONMENT. 

I 
i 
I 

/I 
j !  

'I 



TYPE QF \ N V E S T I G A T I O N :  D E S I G N  E V A C U A T I O N  ? A R T  NO.  : 
4640-1 

PREPARED B Y :  G .  MCCLUNG TYPE U N I T :  P/SW B a r e :  5/15/63 

QTP 
P A R A .  

BEFORE AcousTlCS t 

I 31.7 30.4 1.3 1 125 
31.6 30.3 1.3 i 
31.6 30.3 1.3 

1.3 31.6 30.3 
31.6 30.3 1.3 

D U R I N G  A C O U S T I C S  

1 125 31.6 30.3 1.3 
31 .6 30.3 1.3 
31.6 30.3 1.3 
31 :6 30.3 1.3 
31 :6 30.3 1.3 

AFTER A C O U S T I C S  

1 125 31 .6 30.3 1.3 
31 .6 30.3 1.3 
31 .6 30 * 3 1.3 
31 - 6  3 . 5  1,3 

1 - 3  31 - 6  30.3 Editor's' Note: 

Actuation an ilicre~s:i ng press2r.c: 
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C H A T T E R  OR P H Y S I C A L  D A M A G E  WAS N O T E D .  1 
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T o  pretient t h e  result6 of L l s  d o s i g n  cvaluc?.tion test p rog ram 
conducted on Frebank Pre s n u r s  Svsbtch Past N w n b e  r 80 11 5 - 1 . 
? 'his  test program w a s  cor,ducted En accordance ~ 4 t h  dhe Design 
Evaluation 'Test plan of Douglas Specification 7851 860-50 1, Rev. "L". 

3ouglas Aircraf t  Company Specification 785 1860- 50 1,  Rev.  "L" . 
1 3 . 0  DESCRTPTICN O F  TEST SPECIMEN: (Ref. para. 4 . l . l . a . ' )  
3 I 

T h r e e  ( 3 )  production anits, Part Pu'v-mbcr 802 5-11, Serial Numbers 101, 
182, and 103 we r e  subjec*,ec? to +&e reqv3rcd t es t  program. Thfcs 
preaoure svdtch L B  intended for operation in a 44.8 gsia aystam, 
using gaseous helium and hydrogen as t he  a o d c a  mediunl over axa 
ambient  tempesatura range sf - 1 OOOF to 3.125"F. 

The actuation prsooura 19mf.ta are: 

Increasing Pressuse: 37.25 *0.75 paia 
Decreasing Presraure: 35.75 e0.75 psta 

Frebank Assembly Dsavdng No. P8015-1 and Installation Drawing 
I 

No. 801 5-1 are fnclascled fo r  further rederepce (see Figures 1 and 2, I 
B Page" 7 and 8. I 

1 
REQUIREMENTS: (Ref .  para. 4.1.le1i) 

B 
3 The D e s i g n  Evaluation T o  st Raqdrexnents w e r e  conducted in 

1 accordmaa wi th  Design Etsa3uadon Test  Procedure for Engin~adng  , 

Report Number Q8015-1, Rev. "C", ae approved by D.A.C.  in 
their VIR No. 3.43931 2. This te@?. procedure 18 presented a8 
Appendix I,  

e l s m  dry aAr as tho " , ~ t  m e d m g  eh~bpliof~n~ a Z 2-inch dtimster 
Beaurdsn tuba gaxzga ~vit2-x 0 . 2  psi razPankma~m g ~ a d * a * a o ~ a a  m d  a f a  
5eaI(3 a c ~ ~ a c y  0 6  h l 5  ~ ~ T C O Z Z :  W ~ B  U B Q ~  lor  &s o b a e r v a ~ ~ n  oll &he 
3 2 e ~ 3 u r e  o@"1"8g,a. A sdgnal tight ci;-cd!t \*d& a 2 m g s r e '  endwave 
:sad a? 28 V D C  w a n  used ia c~njia~t!$os% ~&+h the to iradeato 
paa n a z o  ~3wktch act&$! ' - i%oas 



*I exqe& ul papzo3ax aae s3psa.z pq& 'paq3npu03 s'i?r;;\ 1639, 
~UO~~U~SJ 9% pue axn~.esadeua% tualquz xxoox 2.e pazyl;q-eqs uaq ~TM 

arnqexadu;ta3 ay& "pa3anpuo~ selh I *e;r~c% fo %"a& ~~uog3uns P~S, 

-S;tansy: ($1 snq as$ paup3~q.e~ p- do668- aa pazyi:q=%s 7p ayLg 

-1 qqe~, uf papzo3a.x a.xe 2sag 
aq go 6qTnsa.z aqJ 'qsa3 aq3 paqa~duror, Xlp~ssa33ns sjpn 2saq 11~ 
-paa;>npuo3 se~ I '5 *=;red $0 asa& Teuo;j3unj ay3 pue axn~zxadwaq 

3uaIqwe UIOOX qe paz;~yqeqs uaq SZM axn3exadwa) ayL 'pa73npuoD seM 
I *c; -esed JQ asaL ~euoy3unj aq pue saqnuy uaajjlj xoj pau;equ;eur sea 

axn)e.radruaq ayL *saqnu;tu (01) ua3 u~qqp r~o~~l+. 03 paseax~u~ 
s-e~ aaqureq:, ay3 $0 axnqeraduraq aq 6(umuryu~u puoDas zad ~sd 05 

SeM Ae3ap prre aseax3ul axnssaad 30 aqes aq !umwluyu~ aqnurur 
aad saph g jo aqex e qe e~sd L *P I 03 eysd 0-8s 02 e~sd L 'PI UIO~ 

aznssaad aq Zu.1seaa3ap pue 8ulseasxx; jo paqs;suo3 apX3 e) qyun 

ay7 f3ulpA3 al:qM *pa23npuo3 sem I "; -exed 30 3saL leuoypunj 
aw pue aanqsxadwaq quayqure WOOJ 3e pazF-[lqeqs SBM qqun ayL 

*uo!qe3~ydde a~nssaxd an 30 7psa;z e se pa;r~nar,o a8eycax 20 

aanylej ON .a3nulur (I) auo xoj pagdde se~ e;sd 99 30 axnssazd v 

-1 axq-e~, U; papzo3aJ are 
s3psa3 3saq ay7 30 sal3L3 (5) aAg 3~x9 ayg pu-e 3sa2 x-euo;~~unj aya 

paqaqdruo~ X1pjs.s a~ans s2:u-n 3sal ~1s~ OpaAxasqo axaM paz;=3xaua- ap 
pue paz~ldxaua aur-e~aq q;un ay3 y~;y~ 2-2 sa.snssa;rd ay& 'aqnrrIur xad 

~sd 0.5 X~a3euryxosdd.e SPM uogenqxap 03 elsd 0'~s UOZJ asea~~ap 
30 aqex puz uo~enq3e oq eysd O*SE ~0x3 aseax3u; axnssasd 30 a3-e.s ay,t 

*l?;sd 0'8g 03 L*VI woxf pas-ea~~ap pu-e paseax3uI seM amssaxd 
pagdde ay? pue pue3s qsaq sp43 02 paq~auuo3 SVM qsaq aapun qlun ay;L 



The unit was stabil ized a t  a t empera tu re  of -t 125OF and the Functional 
T e s t  of pa ra .  5.1 was conducted. The t empera tu re  was reduced to 
- l O O O r  a t  a ra te  of 300F per  second and nlaintaincci for  fifteen 
minutes .  The Functions! T e s t  was conductetf. The t empera tu re  was .  
then s tabi l ized a t  room t e ~ n p e r a t u r e  and the F\mctional T e s t  con-  
ducted. The r e su l t s  of the t e s t  a r e  recorded  i n  Table  I. 

5 . 6  Vibration Tes t :  ( R e f .  p a r a .  4.1.14) The t e s t  was  COR- 

ducted using the s a m e  equipment a s  the Functional T e s t  i n  con- 
junction with a M a n k c  Moclel ZP125 Tempera tu re  Chamber ,  range 
-320°F to t 6 0 0 ~ ~ ,  ,M. B.  Model T-51 -hlC Amplifier ,  Model C-20 
Exci tor  and M ~ d e l  bf3 Vibration Meter .  

The t e s t s  wese  conducted using a Logarithmic octave sweep  r a t e  
within the frequency l imi t s  of F igu re  1 ,  of Appendix I, a t  appsod -  
mately one ( I )  minute p e r  octave.  The t e s t  durat ion was  30 minutes  
i n  each of the t h ree  ( 3 )  orthogonal axes ,  shown i n  F igu re  2 of 
Appendix I ,  a t  - 1  O O ° F ,  f 1250F, and room ambient  t empera tu re .  
During and following the vibrat ion t e s t ,  p r e s s u r e  set t ings  wese  
checl-ed i n  acco r  lance with p a r a .  5.1 a t  octave in t e rva l s  of 5, 10, 20, 
40, 80, 160, 320, 640, X 280, and 2000 cps .  TI:+- r e s u l t s  a r e  re- 
corded i n  Table  I .  

/,,though no apparent  resonances  were  encountered,  the c r i t i c a l  
i 

point during vibration was de te rmined  to be i n  the X axis at 1280 cps 
1 

and 20 g accelerat ion.  
i 

No switch cha t te r  o c c u r r e d  a t  any t ime  during the vibrat ion tes t .  

5 .7 Contact  Monitoring Tes t :  (Ref ,  para. 4.1.17) T h e  
t e s t s  &ere conducted during the Vibration Tes t  using a C. E. G. 
Model 5- 1 16 Recording Osci l lograph using ga lvanometers  hav;,ng 
a 3 to, 2500 cps  response  rate. 1 I 

'I 
S The r e su l t s  of the Contact   monitoring T e s t  a r e  repor ted  i n  p a r a -  D 
1 graph 5.6,  
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VIBRATION 

NmE: Vibrat ion test data  on S/N 101, p r e s e n t e d  

on pages  11 through 14 of Report No. R8015-1 

+ have been d e l e t e d  because t h e  test was 

conducted i n  accordance w i t h  out-dated 
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NmE: Vibration test data on S / N  103, pre~ented 

on pages 25 through 28 o f  Report No, W80%5-% 

have been deleted because the test was 

conducted in accordance with out-dated 

vibration requirements. See page No. SM-8% 
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R E V I S E D  T O  C O N F O R H  W I T H  DAC V I R  M-38010 

CHECKED 8tl: 

. . 

( D E L E T E D  P A R A .  8.6 THERMAL SHOCK TEST). 

R E V I S E D  B Y :  

CHECKED B Y :  

APPROWEQ B Y 8  
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REFERENCE: 

D O U G L A S  A I R C R A F T  COMPANY S P E C ~ F I C A T I O N  N O @  7851860-501 
R E V  I S I O M  l l ~ ' J ' e  

TEST SPECIMEN: 

THREE (3) PRESSURE S W I T C H E S  S H A L L  BE SUBJECTED TO THE PROGRAM 
A S  S P E C I F I E D  HEREIN,  ONE (1) OF THESE S W I T C H E S  M A Y  BE P R O T O -  
TYPE,  BUT TWO (2) MUST BE PROOUCTIOM U N I T S .  

TEST CONDITLONS: 

TEST MEOIUM;  C L E A N  DRY A I R  AND GASEOUS H E L I U M  A$  WEQUlREDe  

E L E C T R ~ C A L  C A P A C I T Y :  2 AMPERES I N D U C T I V E  A T  28 V O L T S  0.c. 
A M B  l E N ?  ' i ~ ~ ~ ~ ~ ~ ~ ~ U ~ E :  60°F 8 0  8 0 O F  U N L E S S  OTHERWISE S P E C l F l E D ,  

FLUID T ~ M P E R A T U R E :  600F T O  8 0 ° ~  UNLESS OTHERWISE SPECIFIED. 

l NSTRUMENT ACCURAC IES: 

CAI. I B R A T  I O N  PRESSURE GAUGES: 1/5 PERCENT O F  F U L L  SCALE READING.  

TEMPERATURE RECORDER: DECREES FAHRENHE IT. 

E L E C T R I C A L  METERS: *3 PERCENT OF F U L L  SCALE  READING.  

TEST PROCEDURE: 

THE T E S T  
S P E C I F I E  

PROGRAM I S  TO BE CONDUCTED O M  E A C H  U N I T  R t d  THE ORDER 



USE C L E A N  DRY A I R .  R E C O R D  THE F I R S T  5 C Y C L E S  OF P R E S S U R E  
S W I T C H  O P E R A T I O N  OF E A C H  S E R I E S  OF T E S T S b  AS R E Q U B R E 0  BY 
T H I S  S P E C l F l C A T l O N e  

1.1 A P P ~ Y  35 P S I *  TO PRESSURE P O R T *  THE S W I T C H  S H A L L  
R E M A I N  OPEN BETWEEN P I N S  B AN0 C AND P 6 N S  F AND G e  

1,2 INCREASE T H I S  PRESSURE T O  38 P S B A  HAXIMUM.  S W I T C H  
S H A L L  C L O S E  A T  37r25 2.75 P S I A  B E T W E E N  P ~ N S  B AND C 
AND P l NS F A N 9  G I  THE % A T E  OF. P R E S S U R E  B NCWEASE 
F R O M  35 P s r A  r o  a c r u a r 8 s N  SHALL BE A P P R O X I H A V E C V  
5 P S I  PER M I N U T E .  

A C T U A T I O N  PRESSURE OF THE F I R S T  CYCLE OF ANY S E R I E S  O F  
T E S T S  S H A L L  BE W I T H I N  10.4 P S I  OF THE A C T U A T ~ O M  PRESSURE 
OF THE SECOND CYCLE.  

R E P E A T A B I L I T Y  OF T H l R O  AND SUBSEQUENT A C T U A I l d N  p O t N T S  ' 

S H A L L  BE W I T H I N  f1 PERCENT O F  THE SECOND cYCLe A e T U A T t o N  ' 

P O I N T .  

1.3 DECREASE THE P R E S S U R E @  SWITCH S H A L L  OPEN AT 35.75 
k.75 P S l A  8ETWEEN P I N S  8 AND C AND B f N S  F AND 6. 
THE R A T E  OF PRESSURE D E C R E A S E  F R O #  37 BSlA TO b E -  
A C T U A T I O N  S H A L L  8E A P P R B X I H A T E L V  5 PSI PER M I N U T E e  

2.0 PROOF TEST: (REF, ( A )  P A R A *  '4,1.5) USE GhedbN 8 ~ 3 " 4 ~ 0 .  

2.1 APPLY 66 PS IA  T O  PRESSURE PORT,  M A I N T W ~ M  PRESSURG 
F O R  ONE ( I )  H O N U T E ~  THERE SMALL BE NO v l s u A e  E V -  
I D E N C E  OF D I S T O R T I O N  OR F A O L U R E s  

3.1 PLACE THE PRESSURE SbdDlGClf Y I V H C N  THE 8 E 8 7  CHARBER 
AND S T A B I L l E E  AT ROOM A H B l E N T  T E H P E R A T U R E *  CONQUCI 
THE F U N C T I O N A L  B E S T  O F  PARAGRAPHS $ . I g  6,2 A M @  d r S e  . 

5.2 WHILE C Y C L B M C  THE U M B T  ( A  C Y C L E  SHALL C O N S ~ S T  OF IN- 
C R E A S I N G  AND B E G R E A S I N G  THE P R E S S U R E  F R O M  14,7 kS8& 
T o  3 8  P S l A  r @  1 4 e 7  P S l A  A T  A R A T E  Q B  3 C Y C L E S  PER 
H I M U T E  W l N C M U R ,  THE R A T E  O F  P R E S S U R E  8NCREASE A N 0  
O E C A V  S H A L L  BE 50  P S I  P E R  SECOND H O N ~ R U H ) ~  THC 
TEHBERAVURE O F  THE C H A M B E R  SHALL BE lNCREAqEO 10 
+ t g % ' ~  W T H l M  T E H  (10) MlNUtE3. 

~~3 l v t ~ a ~ r ~ ~ t a  THE T e n P e i B s A r u R e  AIB +125:@~ Foa 15 n lnur rs  
AND C O N O U e t  V M L  F U N C T I O N A L  T E S T  O F  PARAGRAPHS 
1 e 2  A M 0  l e 3 e  



SM-173 

3.4 S T A B I L I Z E  THE PRESSURE SWITCH A T  ROOM AMBIENT TEM- 
PERATURE AND CONDUCT THE F U N C T I O N A L  TEST O F  PARA- 
G R A P H S  1.1, 1.2 A N D  1.3. 

NOTE: P R E S S U R E  S W I T C H  O P E R A T I O N  S H A L L  BE C O N T I N U O U S  
,THROUGHOUT THE E N T I R E  TEMPERATURE CYCLEe A R E L A T I V E  

H U M I D I T Y  OF N O T  MOHE T H A N  15 P E R C E N T  S H A L L  BE M A I N -  
T A I N E D  I N  THE TEST CHAMBER. 

4.0 LO\:! TEMPERATURE: (REF. ( A )  PARA. 4.1.10) 

4,1 P L A C E  THE PRESSURE S W I T C H  W I T H I N  THE TEST CHAMBER AND 
S T A B I L I Z E  A T  -100~Fr  

4 * 2  M A I N T A I N  THE TEMPERATURE AT - 1 0 0 ~ ~  FOR FOUR (4.) HOURS 
AND CONDUCT THE F U N C T l O N A L  TEST O F  PARAGRAPHS 101, 
1.2 A N D  1.3, 

4,3 S T A B I L I Z E  THE PRESSURE SWITCH AT ROOM TEf lPERATURE AND 
CONDUCT THE F U N C T I O N A L  TEST OF PARAGRAPHS 1,1, 1.2 
AN0 1038 

5 ,O THERMAL SHOCK: (REF. ( A )  P A R A ?  4.3.81) 

5.1 PLACE THE PRESSURE S W I T C H  W I T H I M  THE TEST CHAMBERt 
S T A ~ ~ L I Z E  A T  +1253~  AND C O N D U C T  THE F U N C T I O N A L  T E S T  OF 
P A R A G R A P H S  1.1 1.2 A N O  1.3. 

5.2 REDUCE THE TEMPERATURE TO -100~6 AT THE RATE OF 3 0 ' ~  
PER SECOND. 

5.3 M A I N T A I N  THE U N I T  AT - 1 0 0 ~ ~  F O R  NOT L E S S  THAN 15 HJN- 
UTES AND CONDUCT THE F U N C T I O N A L  TEST OF PARAGRAPHS 
lel$ 1.2 AND 1 0 3 e  

5.4 S T A B I L I Z E  THE U N I T  AT' RQOH TEMPERATURE AND CONDUCT 
?He F U N C T I O N A L  TEST OF PARAGRAPHS 1.1, 1.2 AN0 303. 

6.0 VIBRATION: (REF. ( A )  PARA. 4.1.14) 
(REFER B Q  FIGURE 2 F O R  A X B S  O B E W T I B ~ C A B B Q N ) ~  

6.1 T H E  PRESSURE S W I T C H  SHALL  BE SUBdECfED TO THE V I B R A -  
T I O N  L E V E L S  SHOWN I N  FIGURE THE TESTS ARE TO B E  
S O H b U G P C O  U S l N Q  A L Q G A R l t H M l C  b G I A V D  BWEBP RAVE WHICH 
SWEEPS Y l T H I M  THE FREQUENCY L I M I T S  OF FIGURE 1 AT 
ONE (1) M I N U T E  PER OCTAVE. THE TEST OURAf  !OM S H A L L  Bf 

.YO M I N U T E S  AT -IOO'F., +'u$F AND ROOH AMBIENT  TCR- 
PERATURE, I N  EWCM O F  THREE ( 3 )  ORbWOGAWAL AXES,  ONE , O F  
VHICH SHALL BE THE n o s ?  s E n s l r a v g  A X I S ,  



6.2 DURING A N 6  FOLLOWING THE A P P t f G A T B B M  O F  V I B R k T O B N 8  
C O N D U C T  THE F U N C T I O N A L  T E S T  Q F  P A R A G R A P H  l a  

: (REF. ( A )  P A R A .  4.1,17) 

7.1 THE PRESSURE SWITCH CONTACTS S H A L L  BE MONITORED DYRm 
I N G  V l 6 R A T l O N  TO V E R I F Y  THAT SUBSEQUENT 1 8  S W I T C H  
A C T U A T I O N  PER PARA. 1.2, THE C I R C U I T  BETWEEN P l N S  
B AND C AND P I N S  F AND G p  DOES NOT QPEM U N T I L  D E W  
A C T U A T l O N  PER P A R A *  2.9 AND TQ V E R I F Y  THAT SUB- 
SEQUENT YO S W I T C H  D E A C T U A T I Q N  PER PARA, ?,? THE 
C I R C U I T  BETWEEN P I N S  8 AND AND P l N S  F ANO G 1  
DOES NOT CLOSE U N T I L  SWITCH A C T U A T I O N  PER PARA. 1.2. 
THE CONTACTS S H A L L  RE MONITORED OM A  C e E e C a .  MOOEL 
5-116 RECORDlNG OSCILLOGRAPH U S I N G  G A L V A N O M E T E R S  
H A V I N G  A  RESPONSE OF 0 TO 2500 C B S *  

NO CHATTER OF THE S V l T C M  CONTACTS I S  A C C E P V A B l E e  
REFER T O  F ~ G U R E  3 F O R  A S c w E M A a s c  o s ~ c a a w  s H o w 6 ~ c  

. THE CONTACT MONITORING SYSTEM. 

FREBANK COMPANY PART NUMBER 4640-1 19 R E Q U l R E D  88 H E E %  
THE O E S ~ G N  E V A L U A T I O N  TEST REQUIREMENTS I N  ACCORDANCE 
W I T H  O.A.C. SPECIF ICATION 7851860-1. PART N u n a ~ k  8015-1 
1 s  R E Q U I R E D  T O  M E E T  THE DESIGN EVALUAT ION T E S T  REQUIRE- 
HENTS I N  ACCORDANCE W I T H  0.A.C. S P E C ~ F ~ C A O ~ Q N  7851860-501. 
P A R T  NUHBER 8015-1 I S  I D E N T ~ C A L  T O  PART N U M B E R  4640-1 
E X C E P T  FOR THE PRESSURE S E T T I N G S  AND THE Q U A N T I T Y  OF 
BELLEVILLE S P R I N G S  USED TO O B T A I N  THE PRESSURE S E T T l N G S e  
THEREFORE, THE F O L L O Y I  NG T E S T S  C O N D U C T E O  O N  PIN 4640-1 
CAN BE CONS lDERED EQUALLY A P P L I C A B L E  T O  PIN 8015-1, 

, T H E  PRESSURE S E T T I N G S  ARE PRESENTED F O R . R E F E R E N G E  A 9  
FOLLOWS8 

SPEC. NO. ~ N C R E A S I N C  O E C R E A S ~  W G  
PRESSURE PRESSURE 

m e 5  2.5 

F O L L O V ~ N G ~  ARE O H L  V E S T 8  D W A t  AWE ASSUHEO TO BE EQUlVALEWT 
9% THE B A S 8 8  O F  S I H I L A R ~ T C .  THESE TESTS ARE L I S T E D  i H  TH. ' 

ORDER 1 N  WHICH THEY WERE CONDUCrED O N  PIN 4640-1 i 

8.1 A c r u ~ ~ l o ~  8c D ~ A e r ~ r l l o ~  TIHEI (REF. ( I )  PARA.  3.5.6.) 

8.2 Lrhr T ~ s r r  (REF. ( A )  P A R A .  4.1.6) 



8.4 I N S U L A T I O N  R E S I S T A N C E :  (REF. ( A )  PARA. 4.108) 

8.6 ' A L T  l TUDE T E M P E R A T U R E :  (REP. ( A )  PARA. 4.1.12) 

8.7 A C C E L E R A T I O N :  (REF. ( A )  PARA. 4.1.13) 

8.8 A c o u s r l c s :  (REF. ( A )  PARA. 4.1.15) 

8.11 ~ c r u r r  ION & ~ E A C T U A T ~ O N  TIME: (REF. ( A )  PARA. 3.5.6) 

8.12 PROOF TEST:  ( REF. ( A )  PARA. 4.1.15) 

8.13 LEAK TEST: (REF* ( A )  PARA. 4.1.16) 

8.14 D I E L E C T R I C  STRENGTH TEST: (REF. ( A )  PARA. 4.1.7). 

8.15 ~ N S U L A T ~ O N  Rrsa STANCE t (REF. ( A )  PARA. 4.1.8)' 

9.0 FACILITIES: 

FOLLOWING I S  A D E S C R I P T I O N  OF THE TEST EQUIPMENT TO BE USED 
TO CONDUCT EACH TEST AS PROPOSED HERElN. 

9.2 PROOF T E S T )  

9.2,1 T e s t  SPAHOD FWEIANK MDebb TE-d46-d, 6~5Q00 k s l d  
1 
1 "A"  



9.4.1 V I B R A T  I O N  E Q U I P M E N T :  I4.E. P:OOEL T--51-/.lC 
A M P L I F I E R $  MODEL C-10 E X C I T E R ,  MODEL 143 
V I E R A T  I O N  f " 1 T E ~ e  

9.4.2 TEST S T A N D :  F R E B A N K  MODEL TE 1 4 6 ~ 1 ~  
0-5000 PSI, 

9.4.3 PRESSURE GAUGE:  MARTIN-DECKER 0-600 P S I  
S E R I A L  NO. 969. 

9.4.5 R E C O R D I  N C  O S C  I L L O G R A P H :  C.E.C. MODEL 5-1169 
G A L V A N O H E T E R  RESPONSE 0-2500 CPSe 

9.4.6 PRESSURE TRANSDUCER:  S T A T H A M  INSTRUMENTS 
0-500 P S I ,  MODEL PG1OTC-500-350. 

10.0 GENERAL NOTES: 

10.1 THE REPORT S H A L L  BE COMPILED I N  A MANNER C O N s l S T E N T  
W I T H  C O N V E N T I O N A L  E N G I N E E R I N G  REPORT F O R M @ ,  

10.2 THE REPORT S H A L L  D E S C R I B E  THE TEST  METHOD AND CON- 
D I T I O N  AND F U L L Y  SUMMARIZE THE TEST  R E S U L T S  AND ANY 
F A I L U R E S  OR L I M I T A T I O N S  ENCOUNTERED. A D E S C R I P T I O N  
OF TEST E Q U I P M E N T  AND PHOTOGRAPHS OF T E S T  SETUPS 
SHALL  ALSO BE I N C L U O E D e  

10.3 THE REPORT S H A L L  I N C L U D E  T H I S  TEST  PNOCEDURE. 

i ' 
i 
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1 .Q F'JqDSSE 

T O  P R E S E N T  T H E  R E S U L T S  G P  THE  V I B R A T I O N  T E S T  P R C C R A M  

C O ~ D U C T E O  O N  F ~ ~ E B A N K  PI;IE S S U R E  Su I T C H  > A R T   UMBER 8015-1, 

T H I S  T E S T  P R O C R A M  W A S  C O N D U C T E D  I V  A C C G ~ D A N C E  ~ I T H  

F K E Y A N K  G O M P A ~ Y  V I Z R A T I  o v  T E S T  ? S C C E C J R E  F C R  

F R E B A N K  CCIF IPANY V A R T  Y V M B L R  8015-1 P R E S S U R E  Sw I T C H .  

3 ,13 DESZt i  1 FT I C!.. CF TLST StJ<< l '/,C'\: 

T v o  ( 2 )  P R O D U C T  I O N  MI T S ,  ? A R T  ! i ~ r i . , E q  8015-1 :;€RIAL ' . U P -  

I R E R S  120 & 121 WERE S U E d E C T E D  T O  T H E  Y E 3 U I W E 3  T E S T  P R ( ; : R A Y .  
I 

i I 
i 

THE V I B R A T  I O U  T E S T  R E Q U I R E M E N T S  W E R E  : U U D U C T E O  I N  A C C O S O -  I 

A N C E  W 1,TH F R L B A N K  ~ O M P A N Y  V I ~ R A Y  1 O N  T E S T  ;HOCEDUHE F O R  
1 

I 

5.1 F U N C T I O N A L  T E S T  

A T E S T  S T A N D  U S I N G  C L E A C  D R Y  A I R  A S  T H E  T E S T  M E D I U M ,  E M P L O Y -  

I N G  A ? , 2 - i * N C #  D I A M E T E R  ' : O U R ' 3 0 N  T U t E  C A U S E  W I T H  O b 2  P 3  1 1 
n l N l u u n  G R A D U A T I O Y S  A N D  A F U L L  S C A L E  A C C U R A C Y  O F  1/5 P E R : E Y T  

W A S  U S E D  F o r t  T H E  O e S E R V A T l O N  OF THE P R E S S U R E  S E T T I N G S .  1: 

S I G N A L  L I G H T  C I R C U I T  W I T H  A 2 AMPERE I N O J C T I V E  L O A D  AT 

28 V c $  WAS U S E D  I N  C O N J U N C T I O N  W I T H  T H E  GAUGE TO I k Q I C A P E  

P R E S S U R E  S W I T C H  A C Y U A ?  I O N .  



THE U N I T  U N D E R  T E 3 T  W A S  C O N N E C T E D  T O  T H I S  T E S T  S T A N D  A N D  

T H E  A P P L I E D  P R E S S U R E  W A S  f N C W E A S E O  A N D  D E C R E A S E D  F R O M  

14.7 p s l A  T O  T H E  P O I M T  O F  P R E S S U R E  S W I T C H  A C T U A T I O N  Y O  I 
I 14.7 P S I A .  T H E  R A T E  O F  I K C R E A S E  F R ~ M  35 P S I A  T O  I 
I A C T U A T I O N  A N D  R A T E  O F  D E C R E A S E  F R O M  37 P S l A  T O  D E -  

i 
1 A C T U A T I O N  W A S  A P P R O X I M A T E ' , '  5 P S I  P E R  M I ~ J U T E .  TML 

P R E S S U R E S  A T  W H I C H  T H E  C ! P a V I T S  R E C A H E  E N E R G I Z E D  A N D  D E -  

E N E R G I Z E D  WERE O B S E R V E D .  ' ~ O T H  T E S T  U N I T S  S U C C E S S F U L L Y  

C O M P L E T E D  T H E  F U N C T  I O N A L  T E S T  A N D  T H E  F I R S T  F I V E  ( 5 )  

C Y C L E S  O F  T H E  T E S T  R E S U L T ?  A R E  R E C O R Q E D  I N  T A ~ L E  1'. 

I 

i THE T E S T  W A S  C O N D U C T E D  U S I N G  T H E  S A M E  E Q U I P M E N T  A S  T H E  I 

i T-51-MC A M P L  I F  l e R ,  : :ODEL E X C  I T O R  A N D  X O D E L  :113 . V I B R A -  i 
1 
I 
I T I O N  'IETER. THE T E S T S  * ' E R E  C O K D U C T E D  U S I N G  A L O G A R I T H M I C  

i C C T A V E  S W E E P  R A T E  W I T H I N  T H E  F R E Q U E Y C Y  L I M I T S  O F  F I G U R E  1, 

I O F  A P P E N D I X  1 ,  A T  A P P R O X I M A T E L Y  3 . 5  M I N U T E S  P E R  O C T A V E 9  

I 

i W I T H  A P A U S E  A T  THE E N D  O F  E A C H  O C T A V E  T O  C O N O U C T  A  ONE ( 1 )  

I 
C Y C L E  F U N C T  I O N A L  T E S T .  THE T E S T  D U R A T I O N  W A S  O N E  HOUR I N  i 

I 
E A C H  O F  T H E  T H R E E  0 4 T H O Q O N A L  A X E S ,  S H O W N  I N  F I G U R E  2 O F  

I 

! 

1 b P P E N D l X  1 ,  A T  - IOO~F, 9 ~ 2 5 ~ ~  A N D  R O O M  A M B I E N T  T E W P E R A -  

i 
I 

T U R E .  T n t s  M A D E  A T O T A L  OF N I N E  H O U R 8  F O R  E A C H  U N I T  U N D E R  

I V I D R A T O R Y  C O N D I T I O N S ,  ~ u w I N G  A N D  F O L L O W I N G  THE V l a R A T I B M  

1 T E S T ,  P R E S S U R E  S E T T  l N G S  Y E R E  C H E C K E D  I N  A C C O R O A N C E  W I T H  



~ U W I Y G  T H E  V 1 8 4 A l  I O N  T E S T ,  T H E  C O M T A C T S  WERE W O N I T O R C D  ! 

I \ 
I r i  

THE R E S U L T S  O F  T H E  C O N T A C T  " o M I T O S I Y G  T E S T  & R E  R L P 3 Y T E D  

I N  P A R A G R A P H  5.2. 

'320, $40, 1280, A p e 0  2000 C P S .  THE R E S U L T S  A W E  R E C O R D E D  

I N  T A B L E  1 .  

Y O  A P P A R E V T  R E S O V A N C E S  W E Q E  E N C O U N T E R E D  D U R I N G  V I B R A T  ION. 

5 
I P 

1 
1 

1 
NO S W I T C H  C H A T T E R  O C C U R R E D  A T  A Q Y  T I W E  D U R I N G  T H E  V l B R A -  i 
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APPENDIX I 

FREBANK COMPANY 

V I BRAT I ON T E S T  PROCEDURE 

FOR FREBANK COMPANY 

PART NUMBER 8015-1 

PRESSURE SWITCH 



V l BRAT I O N  TEST PROCEDURE 

FOR FREBANK COMPANY PART NO. 

PRESSURE SW l TCH 

DAC SPECIFICATION NO. 7851860-501 

- ---  --- - 
dsmier a n d  sou,: Vkal the inqwmation conta ined  
his knbwle*e !run o n d  cwrsct in a l l  rerpsctc. 

. _.__I-_.- ___--_-__ ._I____pp-- --- 
. - -  -- . . -- SUBSCblkCD and rwsr* to b f o r o  w e  thin_- . d a y  ef , I@-.- 

CQMTRACT NO.-_--. - .--- - - - -- - 
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SUBJECT - 
V I B R A T I O N  T E S T S  O F  F W ~ ~ A N K  COMPANY P A R T  NUMBER 8015-1 

REFEHE h ! l  

TEST SPEC I E N  

Two (2) P R E S S U R E  S W I T C H E S  S H A L L  h E  S U B d E C T E D  TC T H E  PRO- 

CRAM A S  S P E C l P l E B  n E H E I N .  B O T H  O F  Y H G 3 L  S W I T C H E S  Hub? b E  I 
P R O D U C T I O N  UNlTS. 

TEST C O N 0  l T l ONS 

T ~ S T  M E D I U M  

C L E A N  D R Y  A I R  A N D  GASEOUS H E L I U M  A S  R E Q U I R E D 0  

E L E C T R I C A L  C A P A C I T Y :  2 A M P E R E S  I N D U C T I V E  AT 28 V O L T S  D O C O  I 
i Aue r E N T  T E M P E R A T U R ~  : 60°F4 T O  80Of. U N L E ~ S  O T H E R W I  se ! S ~ ' % C l F I B O  

F L U I D  TEMPERATURE:  G O O F .  ~a ~ o O F ,  U N L E S S  O T H E R W I S E  
I 

S P E C I F I E D .  
I 

I NSTRUMflT ACCURAC 
__I__-- 

C A L ~ O R A Y I O N  PRESSURE ~ A U C E ~ :  1/5 P E R C B N I  O F  F U L L  S C A L E  

R E I D I N G .  

T r n ~ e ~ ~ v u w E  H e c o w o ~ w :  55 D E G R E E S  P A H W E N ~ &  I T ,  



TEST QROCE DURE 

THE T E S T  P R O G R A M  I S  T O  8 E  C O N D U C T E D  O N  E A C H  U N I T  f k  O W E  

I OF!DER S P E C : r l E O  I N  T H E  F O L L O W I N G  P A R A G R A P H S .  I 
1.0 -- F U N C T I O N A L  TESTS ( R E F .  ( A )  P A R A .  4.1.4) 

I Use C L E A N  D R Y  A I R .  R E C O R D  T H E  F I R S T  F I V E  ( 5 )  CICLCS OF 1 
P R E S S U R E  S W I T C H  O P E R A T I O N  O F  E A C H  S E R I E S  O f  T h S T S p  A S  

R E Q U I R E D  O Y  T H I S  S P E C  I P I  C A T  I O N .  

1.1 

A P P L Y  35 P S I 4  T O . P R E S S U R E  P O R T .  THE S W I T C H  S H A L L  R E M h l M  

O P E N  8 E T w E E h  P I N S  B A N D  C A N D  P I N 3  F A N D  

I N C R E A S E  T H E  P R E S S U R E  T O  38 P S l A  P I A X l n U w ,  THE SWITCH %%&LC 

C L O S E  ~ 1 3 7 . 2 5 % . 7 5 ? 6 1 ~  3 E T Y E L H  P I N S  8 A N D  c AND P I N S  F A N D  

G, THE R A T E  O F  P R E S S U R E  I N C R E A S E  P R 3 M  35 P 8 1 A  9 0  A C T U A -  

1 T I O N  3 - A L L  R E  A P P R O X I  W A T E L Y  $ 9 1  P E R  M I  W U T E .  

I 
I A C T U A T I O N  P A L S S U R E  O F  T H E  F I R S T  C Y C L E  OF A N Y  S E R I E S  OF 

T E S T S  S H l L L  ,BE W I T H I N  w . 4 P S I  O f  T H E  A C T U A T I O N  P R C 5 S U H L  

OF T H E  S E C O d D  C Y C L E .  

R E P E A T A B I L I T Y  O F  T H I R D  A N D  S U B S E Q U E N T  A C T U A T l C N  P O I N T S  

S H A L L  bE W I T H I N  21 P E R C E N T  O F  T H E  S E C O N D  C Y C L E  A C I W A T l O M  



I SURE DECREASE P H G M  Ji% B S l A  TO O E A C Y V A T I O N  S H A L L  R E  A P P R O X -  

1HATEI.Y P O I  P E R  H l N U V E e  

2.6 V I B R A T B  (AEF .  ( A )  P A H I .  4.1.64) 

( H E F E R  T O  FIGURE 2 F 3 R  A X I S  I D B N T I F I C A T I O N j .  

I THE P R E S S U R E  S W I T C H  S d A L L  9 €  M O U h T E D  T O  F I X T U R E  TE-317, 

I I N S T A L L E D  ON A V l e R A T l C N  E X C I T E R  A N D  S U 8 3 E C T E D  T O  T H E  

I L E V E L S  s H c w N  I w  F I G U R E  7 .  THE T E S T S  SHILL .  e E  c o N D u c T e 9  

U S I Y C  A L O C A R I T i i H I C  S W E E P  R A T E  OF 3.5 M I N U T E S  P E R  O C T A V E .  

I S E N S  I T  I V &  " A X I S ,  A T  -700, R O O M  A M B I E N Y  TLtBB&WAYURII ,  AN0 

+ 1 2 5 0 ~ .  TOTAL V l $ R A T  I O N  Y I ME S H A L L  B E  9 HOURS F O R  EACH 

2.2 

THE U N l i  S H A L L  B E  M O N I T O R E D  F O R  C V I D C * C E  OF A N *  R E S O N A N C E .  

I .  DURING AND F O L L O W ' I N C  T H E  A P P L I C A T I O N  OF V l b R A I 1 0 N 9  C O N D U C T  

I T H E  F V N G I I O N A L  T E S T  OF P A R A G R A P H  1. 

I PNE P R E S S U R E  S W I T C H  C O N T A C T S  S H A L L  B E  H O N t T O R B D  B V R I N C  



V I B R A T I O N  T O  V h W  l F Y  T H A I  8 U Q 6 L Q U E N T  T O  8 V l f  CH A C V U A V I O H  

I PER P A R A .  1.2, T H E  C I R C U I T  B I T W E E N  P I N S  A M b  C AND P l M S  

f AN@ C 9  D O E S  N O T  O P E N  VWT l L  Q g f i C T U A T I O N  PER P A R A .  103 

A N D  T O  V E R I F Y  T H A T  S U B S I Q U B N T  T O  G V l T C W  D L A C Y U A T l O #  PER 

I P A R A .  1.7 T H E  C I R C U I T  8 & Y W E E N  B I N S  8 A N D  C AND P I N 8  A N D  I 
* 

C, o o r s  n o r  c L o s r  U N T I L  S W I T C H  A C T U A T I O H  PI. P A R A .  1.2. 

THE C O N T A C T I  $ H A L L  BE W O M ~ T O W B D  O M  A C.E.C. MODEL 5-116 . 

R L C O R O I N C  0 1 C l L L O B R A P H  U S I F 4 6  G A L V A N O M E T E R S  H A V I N G  A 

R E B P O N S E  T O  O T O  2500 C e 8 .  

N O  C H A T T E R  O F  T H E  $ W I T C H  C O H T A C T I  18 A C C E P T A B L E .  REFER 

T O  F I G U R E  3 F O R  A 8 C H t N A T I C  Q I A 6 W A M  S M O W I W G  T H E  C O H T A C T  

W O N I T O R I N B  S Y S T B W .  I 
4.0 GENERAL NOTES 

THE R K P O R T  S H A L L  BE C O M P I L E D  

Tne R E P O R T  : S H A L L  O B S C B I @ &  T H E  T E S T  HE T H O D  A N D  C O N D I T l O W  

I A N D  F U L L Y  iB iUb tP" rAR l t t t  T M D  T E S T  R E 8 V L T 1  A H 0  A M Y  F A I L U R E S  OR 
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To present the reeulta of the design evaluation test program 
conducted on Frebank F reeewe  Switch Par t  Nunlber 801 5-3. 
This test  program wae conducted in accordance with the Design 
Evaluation Teet plan of Douglas Specification 7851 860- 505, Rev. "L". 

2.0 REFERENCE: 

Douglas Aircraft Company Specification 785 1860- 50 5, Rev. "L", 

3 .0  DESCNPTIGM O F  TEST SPECIMEN: (Ref, para. 4.1.1.1,3) 

Three (3) production unite, Part Number 801 4-24, Sedal Numbers 100, 
10 1 ,  and 102 were subjected to the required tclst program. TUB 
preasure  switch is intended for operatlon in  a 44.0 psla system, 
using gaseous haUuar ehnd hydrogen a e  the service rnedum over 
an ambient temperature range of - 1 0 0 ~ ~  to 91 25°F. 

The actuation pressure  Urnits are: 

Incrcaring Pretasurs: 34.5 f 0 .5  prsia 
Dccrea~ling Preearure: 33.5 to. 5 peia 

Frebanl: Assembly Drawing No. t 8 0  1 5 - 3  iri;d Installation Drawing 
No. 801 5-3  a r e  included for  further reference (see  Figures 1 and 2, 
Fagea 7 and 8, 

4.0 REQUIREMENTS: (Ref. para. 4.1.1.1) 

The Design Evaluation Test  Requi renlents were conducted in  
accordance with Des ign  Evaluation Test Procedure for Engineering 
Report Number Q8015-3, Rev. "C", a s  approved by D.A.6.  in  
their VIR No. M39310. This test procedure i s  presented as 
Appendix 1. 

5 . 0  TEST PRGCEDURE AND RESULTS: 

5 , l  FmcBflond T e  8%: (Ref .  para. 4. I ,  4) A t~aat s B d  ulslng 
c l ew  dry alr a s  &e t e e &  m s d i w .  amgloflng .a 112-inch d i m e t e n  - 

Bo~ardow tube gauge d& 0 .  t psi d d m  grad~aeiaono w d  a f d  r e c d e  aceasracy sf 2 / 5  persant wae uee for Bhe obesnraaon of 
pregsure setdngs, A e i g n d  Bight c f r ed t  d& a 2 -*re intdueaae 
load a% 28 VDC wae -ad in corsjweaopa wb& ehe gauge to $w&c& 
pressure  sdtckt ae0uaon.  



The unit under test was connected to this test stand and the applied 
pressure was increased and decreased from 14.7 to 35.0 psia. The 
rate of pressure increase from 32.0 psia to actuation and rate of 
decrease from 35.0 psia to deactuation was approximately 5.0 psi 
per minute. The pressures a t  which the unit became energized and 
de -energized were observed. All test units successfully completed 
the functional test  and the f irst  five (5) cycles of the test  results 
a r e  recorded in  Table I. 

5.2 Proof Test: (Ref. para 4.1.. 5) This tes t  was conducted 
using the same equipment as  described in  the functional test.  

A pressure 66.0 psia was applied for one ( 1) minute. No failure 
o r  leakage occurred a s  a result of the pressure  application, 

5.3 High Temperature Test: (Ref. para. 4.1.9) This tes t  
was conducted using the same equipment described in the Functional I 
Test  while the unit was encased in a Wyle Model DN104 Tempera- I 

1 ture Chamber, range -320°F to + 3 5 0 ° ~ ,  I 
The unit was stabilized at room ambient temperature and the 
Functional Test  of para. 5.1 was conducted. While cycling the 
unit (a cycle consisted of increasing and decreasing the pressure  
from 14.7 psia to 35.0 psia to 14.7 psia a t  a rate of 3 cycles per 
minute minimum; the rate of pressure increase and decay was 
50 psi per second minimum), the temperatu.rtt of the chamber was 
increased to 125OF, within ten (10) minutes. The temperature was 
maintained for fifteen minutes and the Functional Test  of para. 5.1 
was conducted. The temperature was then stabilized a t  room am- 
bient temperature and the Functional Test  of para. 5.1 was conducted, 
All tes t  units successfully completed the test. The results of the 
tes t  a r e  recorded in  Table 1, 

5.4 (Ref. para. 4.1.10) This tes t  
was conducted using the sbme equipment described in  the High 
Temperature Test, 

The unit was stabilized a t  - 1 0 0 ~ ~  and maintdned for four (4) houre. 
The Funceional Tes t  of para. 5.1 was esndueted. The? tempe~aOPn~e 
wae then stabilized a t  room ambient temperature and the Funclional 
Test  was conducted. The r e s d t s  a r e  recorded in  Table I, 

5.5 Thermal Shock Test: (Ref. para. 4.1.11) This taet war 
conducted u ent descp~bed in "As High Tempera- 



Tht, unit was stabilized at a temperature of t 1  2S°F and the Functional 
Test  of para. 5. I was conducted. The temperature was reduced to 
- 1 0 0 ' ~  at a rate of 30°F per second and maintained for fifteen, 
minutes. The Functional Test was conducted. The temperature was 
then stabilized at room temperature and the Functional Test  con- 
ducted. The results of the test a r e  recorded in Table I, 

5.6 Vibration Test: (Ref. para. 4.1.14) The test was con- 
ducted using the same equipment a s  the Functional Test  in  con- 
junction with a Mantec Model EP125 Temperature Chamber, range 
-3200F to i - 6 0 0 ~ ~ ~  M. B. Model T-51 -MC Amplifier, Model C-10 
Excitor and Model M3 Vibration Meter. 

The tests were conducted using a logarithmic octave sweep rate 
within the frequency limits of Figure 1, of Appendix I, a t  approxi- 
mately one (1) minute per octave. The test  duration was 30 minutes 
in each of the three (3) orthogonal axes, shown in  Figure 2 of 
Appendix I,  a t  -lOO°F, +12!j°F, and room ambient temperature. 
During and following the vibration test,  pressure settings were 
checked in accordance with para. 5.1 a t  octave intervals of 5, 10, 
20, 40, 80, 160, 320, 640, 1280, and 2000 cps, The results a r e  
recorded in  Table I. 

A~though no apparent resonances were encountered, the critical 
point during vibration was determined to be in  the X axis at 1280 cps 
and 20 g acceleration, 

No switch chatter occurred a t  any time during the vibration test,  I 
5.7 Contact Monitoring Test: (Ref. para. 4.1.17) The 

tests  were conducted during the Vibration Test  using a C ,  E. C .  I 
Model ,5- 1 1 6 Recordink 0 scillograph using galvanometers having I 
a 0 to 2500 cps response rate, 

The results of the Contact Monitoring Test  a r e  reported in para- 
graph 5.6 .  I 
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NOTE: Vibration test data on S/N 100, presented 

on pages 11 through 14 of  Report No. R8015-3 

have been de l e t ed  because the  t e s t  was con- 

ducted i n  accordance with out-dated v ibra t ion  

requirements. See page No. SM-82 for  

v ibra t ion  t e s t i n g .  









NOTE: Vibration test data on S/N 101, presented 

on pages 18 through 21 of  Report N o .  R8015-3 

have been de l e t ed  because the  test was con- 

ducted i n  accordance wi th  out-dated v ibrat ion  

requirements. See page No. SM-82 f o r  

v ibra t ion  t e s t i n g ,  









NOTE: Vibration t e s t  data on S/N 102, presented on 

pages 25 through 28 of Report N o .  R8015-3 

have been de l e t ed  because the  test was con- 

ducted i n  accordance with out-dated v ibra t ion  

requirements, See page No. SM-82 f o r  

v ibra t ion  t e s t i n g .  
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A P P R O V E D  B Y :  
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SUBJECT t 

D E S I G N  E V A L U A T I O N  T E S T S  OF FREBANK C O M P A N Y  P A R T  NO. 8075-5 
PRESSURE  SWITCH^ 

REFERENCE : 

DOUGLAS A I R C R A F T  C O M P A N Y  S P E C I F I C A T I O N  NO. 7851860-505 
R E V I S I O N  t8t,.". 

TEST SPEC IMENI , : !,. 0 8 h  

T H R E E  ( 3 )  PRESSURE S W I T C H E S  S H A L L  BE S U B J E C T E D  TO THE PROCRAM 
A S  S P E C I F I E D  HEREIN. ONE (I) O F  T H E S E  S w I T c n E s  H A Y  BE PROTO-- 
TYPE,  BUT TWO (2) MUST BE P R O D U C T I O N  U N I T S .  

TEST CONOOTIONS: 

TEST MEDIUM: CLEAN DRY A I R  AND GASEOUS H E L I U M  AS REQUIREO.  

E L E C T R I C A L  CAPACITY:  2 AMPERES I N D U C T I V E  A T  28 V O L T S  DOC. 
A M B  IENT  TEMPERATURE: 600F T O  8 0 0 ~  UNLESS OTHERWISE SPEC- 

I F I E D .  

FLUID TEHPERATURE: 6 0 O ~  T O  80" UNLESS OTHERWISE SPEC- 

I 
I F l E O .  

1 
l NSTRUMENT ACCURAC l ES: 

I 
C A L ~ B R A T ~ O N  PRESSURE GAUGES:  1/5 PERCENT O F  F U L L  S C A L E  READ- 

I N G *  

TEMPERATURE RECOROER:  25 DECREES FAWRENWE I T. 

E L ~ C T R . ~  C A L  METERS: +3 PERCENT OF P U L L  S C A L E  READ- 
I N @ * .  ' 

THE T E S T  P R O G R A M  99 TO 8& C3MDUGTED OM E A C H  @ M I %  I N  O W L  ORDER 
S P E C I F I E D  I N  THE F O L L O W I N G  P A R A G R A P H S @  



USE C L E A N  D R Y  A I R .  R E C O R D  T H E  F I R S T  5 C Y C L E S  OF P R E S S U R E  
S W I T C H  O P E R A T I O N  OF E A C H  S E R I E S  OF TESTS ,  AS R E Q U I R E D  BY 
T H l S  S P E C I F I C A T I O N e  

1.1 A P P L Y  32 P S I A  T O  P R E S S U R E  P O R T .  THE S W I T C H  SHALL R E -  
M A I N  OPEN BETWEEN P I N S  8 AND C AND P l N S  F AND G. 

1.2 ~ N ~ R E A S E  T H l S  PRESSURE TO 35 P S l A  MAXIMUM. SWITCH 
S H A L L  CLOSE AT 34.5 2.5 P S l A  BETWEEN P l N S  8 AND C AND 
P I N S  F A N D  G. THE R A T E  OF P R E S S U R E  I N C R E A S E  F R O M  
32 PSIA T O  A C T U A T I O N  S H A L L  B E  A P P R O X I M A T E L Y  5 PSI  
PER MINUTE.  

A C T U A T  ION PRESSURE OF THE F I R S T  CYCLE OF ANY S E R I E S  OF 
T E S T S  SHALL  BE W I T H I N  k0.4 P S I  OF THE A C T U A T I O N  PRES- 
SURE OF THE SECOND CYCLE. 

R E P E A T A B I L I T Y  OF T H I R D  AND SUBSEQUENT A C T U A T I O N  P O l N t S  
S H A L L  BE W I T H I N  PERCENT OF THE SECOND CYCLE  
A C T U A T I O N  P O I N T .  

D E C R E A S E  THE PRESSURE. S W I T C H  S H A L L  OPEN AT 33.5 f.5 
P S I A  BETWEEN P l N S  B AND C AND P l N S  F AND G e  THE R A T E  
OF PRESSURE DECREASE FROM 35 P S l A  TO O E A C T U A T I O N  S H A L L  
BE A P P R O X I M A T E L Y  5 P S I  PER MINUTE.  

2,0 PROOF TEST: (REF. ( A )  PARA..  4.1.5) USE CLEAN D R Y  A I R .  

2.1 APPLY  66 P S l A  TO PRESSURE PORT. M A I N T A I N  PRESSURE 
FOR ONE (1) H I  NUTE. THERE SHALL BE NO V I S U A L  E V I D E N C E  
OF D I S T O R T I O N  OR F A I L U R E .  

( A )  PARA. 

3.1 PLACE THE PRESSURE S W I T C H  W I T H I N  THE T E S T  CHAMBER AND 
S T A B  l L  l Z E  AT ROOM A N B t E N T  TEMPERATURE. CONDUCT THE 
F U N C T I O N A L  T E S T  OF PARAGRAPHS j.1, 1.2 AND 1.3. 

3.2 WHI~!E C Y C L I N G  THE U N I T  ( A  CYCLE S H A L L  C O N S I S T  OF I N =  
C R E A S I N G  AND D E C R E A S I N G  THE PRESSURE FROM 14.7 P S I &  
TO 35 P S I A  TO 14.7 P S l A  AT A  RATE  OF 3 C Y C L E S  PER 
M I N U T E  MIN IMUM.  THE RATE OF P R E S S U R E  INGREASK AND 
D E C A Y  SHALL BE 50 P S ~  P E R  S E C O N D  M I N I M U M ) ,  THE T E M P E R A -  
TURE OF THE C H A M B E R  S H A L L  BE I N C R E A S E D  T O  + 1 2 5 O ~  WITH- 
I N  T E N  (10) M l M V I e S e  

a,3 M ~ t w T A l n  rns  T E M P E R A T U R E  A T  + I % ~ ~ F  F O R  15 I I M V T ~ S  AHB 
CBN6UCT THE F U N C T l O M A L  T E S T  OF PARACWAPWB I e T ,  I r P  AND 
"050 



3.4 S T A B ~ L ~ Z E  uwe e w t 8 a u R e  s w t r e n  a r  A o o n  a n e e g w v  tkn- 
P B R A T U W L  AND CONOVCY P H L  P U N C T I O N A L  T E S T  OF P A R A w  
G R A P H S  1.1 1.2 A N 0  1.3. 

1 
- 

NOTEI P R E S S U R E  S W I Y C W  O P E R A T I O N  SHALL BE C O N T ~ N U O U I  

i 
I 

_._I___ 
I 

TMROUCHOUY THE E N T l R g  TEMPERAYURC C Y C L E .  A R O L A T I V g  
H U M I D I Y Y  OF N O T  M O R E  T H A N  15 P E R C E N T  SHALL BE H A I N -  
T A I N E D  I N  YHL T t 8 Y  C H A N B O R e  

1 P L A C E  T H E  P R E S S U R E  8 W I T C H  W I T H I N  THE T E S T  C H A N B L R  ANO 
S Y A B I L I Z 5  AT - 1 0 0 ~ ~ .  

4.2 M A I N T A I N  THE Y C R P E R A T U R E  AY - 1 0 0 ~ ~  FOR F O U R  (4)  H O U R 8  
AND CONOUCV T H E  F U N C T I O N A L  T E S T  O f  P A R A O R A P H S  1.1, 
1.2 AND 1.50 

4.3 S T ~ 8 l ' l l K  THE P R E S S U R C  3.1 TCM A t  ROOF4 TIHPERATVR; A N D  
CONDUCT THE f V N C T I O N A L  T E S T  OF P A R A C R A P H S  1.1. 1.2 
AN0  1 e g o  

5.0 THERMAL. SHOCK: (REF. ( A )  P A R A .  4.1.11) 

5.1 P L A C E  T H E  P R E S 8 U R L  S W I T C H  W I T H I N  THE T E S T  CHA*BEA,  
S T A B  l L  l Zk AT 9 1 2 5 9  ANN CONDUCT THO F U N C T  I O N A L  TEST' Qf 
P A R A G R A P H S  1.1, 1.2 ANN 1.9. 

5.2 R c o u c r  THC: TEHPeTRATURE .OF - 1 0 0 ~ ~  A?' THE R A T E  O F  ~ O ' F  
P E R  SLCOWD. 

5.9 M A ~ N T A J N  T H E  U N I T  A ?  - 1 0 0 ~ ~  F O R  NOT L E S S  T H A N  15 N l N -  
U T E S  A N 0  CONOUCT T H E  F U N C T I O N A L  T E S T  OF P A R A G R A P H S  
1.1, 1.2 AND 1.9. 

5.4 S I A ~ I L I ~ L  T H E  W H I T  A T  ROO*  T E H P E R A T W R L  AND CONOUCT 
YHC F U N C T I O N A L  T h 8 T  O f  P A R A C R A P H S  3.1, 1.2 AND 1.5. 

6.0 VIBFIATION: (REF. ( A )  P A R A .  4.1.14) 

(REPER T O  F ~ C U R I  2 FOR A X I S  I D E N T I F I C A T ~ O W ) .  



6.2 O U A I N G  A N D  ~ B L L O V I N C  T H E  A P P L I C A T I O N  OF V I B R A T I O N ,  
C O N D U C T  T H E  F U N C T I O N A L  T E S T  O F  P A R A G R A P H  1. 

I 

7 e 0  CONTACT t * I O N I T O R I N G t  (RP:F. ( A )  P A R A .  4 e l e 1 7 )  

T H E  P R E S S U R E  S W I T C H  C O N T A C T S  S H A L L  B E  N O N I T O R E O  O U R -  
I N C  V l B A A T l O N  T O  V E R I F Y  T H A T  S U e S E C U E N T  T O  S W I T C H  
A C T U A T I O N  P E R  P A R A .  1.2, T H E  C I R C U I T  B E T W E E N  P I N S  
8 A N D  C A N D  P I N S  F A N D  G ,  D O C S  N O T  O P E N  U N T I L  0 E 0  
A C T U A T I O N  P E R  P A R A .  1.3 A N D  T O  V E R I F Y  T H A I  S U B -  
s e c u e N T  T O  S W I T C H  D L A C T U A T I O N  PER P A R A .  1.3 r n t  
C I R C U I T  B E T W E E N  P I N S  3 A N D  C A N D  P I N S  F A N 0  e, 
D O E S  N O T  C L O S E  U N T I L  S W I T C H  A C T U A T I O N  P E R  P A R A .  1.2. 
T H E  C O N T A C T S  S H A L L  B E  M O N I T C J C ! ~ ~  O N  A  C.E.C. M O D ~ L  
5-116 R E C O R D I N G  O S C ~ L L O C R A P H  U S I N G  CACVANOMETEAI 
H A V I N G  A  R E S P O N S E  O F  0 T O  2500 C P S .  

NO C H A T T E R  O f  T H E  S W I T C H  C O N T A C T S  A C C L P T A B L C .  
R E F E R  T O  F I G U R E  3 F O R  A  S C H E M A T I C  D I A G R A M  S M O V l N O  
T H E  C O N T A C T  H O N t  T O R I  N C  S Y S T E M . .  

STATEENT OF S I M I L A R I T Y :  
I 

F R ~ ~ A N K  COHPANV PART N U M B E R  4640-1 I S  R C Q U I R C D  T O  M E E T  
T H E  OCSICN E V A C U A T I O N  T E 8 t  R E Q U I R E M E N T S  I N  A C C O R D A N C E  
W I T H  D.A.C. S P E C I P I C A T I O N  7851860-1. PARI Nunefa 8015-3 
I S  R K Q U I R E D  T O  n c e f  rn r  D E S I G N  E V A L U A T I O N  T E S T  R E Q U I R E -  
M ~ X N T S  I N  A C C O R O A N C E  W I T H  D.A.C. S P E C I F I C A T I O N  7851860-505. 
PART NUMBER 8015-3 I 8  I D E N T I C A L  T O  P A R T  N U M B ~ R  4640-1 
E X C E P T  F O R  T H E  P R E S S U R E  S E T 1  l N C S  A N 0  T H E  Q U A L I T Y  O F  
B E L C P V I L L E  S P R I N G S  U S C O  T O  O B T A I P '  T H E  P R E S S U R E  S E T T I N C S e  
THEREFORE, T H E  F O L L O W l  N C  T E S T S  C O N D U C T E D  O N  P/N 4640-1 
C A N  B k  C O N S  1  D E R E D  E Q U A L L Y  A P P L  1  C A B L E  T O  P/N 8015-3. 

I THE P R E I S V R L  S E Y Y  I N C S  A R L  P R E S E N T E D  F O R  R E f C R L N C L  A 3  
I O C L O W B ) ( I  * 

FOLLOVIUO, ARE O M t  O P I T S  T H A I  A R E  ASSUUEB V b  b t  E Q V l V A b L W I  
O M  THE @ A 9 8 1  O r  B I W l L A W I I V o  %WEIR Y E S T I  ARB LB8tgD ? N  t W I  
ORQEW o f 4  W M l c M  T H D Y  W s A t  C o N @ U C T C @  @ W  PIP/ 4680-ls 



8,$ ! N S U L A T I O N  R E S I S T A N C E :  ( R E F @  ( A )  P A R A o  40108) 

8.5 C O N T A C T  R E S I S T A N C E :  (REP. ( A )  PARA.  304.4) - 
8.6 A L T  I T U O E  TEMPERATURE:  (REF. ( A )  P A R A .  4.1.12) 

8.7- A C C E L E R A T I O N :  (REP. ( A )  P A R A .  4.1.13) 

8.8 A C O U S T I C S :  (REF. ( A )  P A R A .  4.1.15) 

8.9 SHOCK: (REF. ( A )  PARA. 4.1.16) 

8.10 S E R V I C E  LIFE: (REF. ( A )  P A R A .  4.1.18) 

8.12 PROOF TEST:  (REF. ( A )  P A R A .  4.1.5) . 

8.14 BELECTRIC STRENGTH TEST: (REF. ( A )  PARA.  4.1.7) 

8.15 INSULATION R E S I S T A N C E :  (REF. ( A )  PARA.  4.1.8) 

8.f6 C O N T A C T  RESISTANCE:   REF^ ( A )  PARA.  3.4.4) 

8.17 BURST TEST: (REF. ( A )  P A R A .  4.1.19) 

9.0 FAClL lT lESr  

FOLLOWING I S  A  D E S C R I P T I O N  OF THE T E S T  E Q U I P M E N T  TO BE 
USED TO CONDUCT E A C H  T E S T  AS P R O P O S E 0  HEREIN.  

9.1 FUNCTIONAL TESTS% 

9.1 .1 TEST STAND:  FREBANK MODEL TE-146-1 0-5000 PSI. 

9.1.2 PRESSURE GAUGE: MART I NODECKER 0600 PSI 
SERIAL NO. 969. 

9.2.1 TEST STAND: FREBANK MODEL TE-146-1, 0-5000 ese, 

9,3,2 TEST STAND:  FREBANK MODEL TE-146-1, 8-5800 @sts 

9.3.3 P R E S S U R E  GAUGE: MARTIN-DECKER 0400 p s l b  
S E R I A L  NO. g6gr 



SM-240 

9,4 ,4  V t e ~ n r t o ~  E Q U I P W E N O :  M.E. MODEL T-51-MC 
A M P L I F I E R ,  ~ ' O O L L  5-10  EXCITER^ MOOEL M3 
V I B R A T  I G A  I.:ETER. 

-9,4.2 T E S T  S T A N D :  F R E B A N K  MODEL TE 146-9, 
0-5000 PSI. 

9.4.3 PRESSURE  GAUGE^ MARTIN-DECKER 0-600 p s r ,  
S E R I A L  No. 969. 

904.4 T E M P E R A T U R E  CHAMBER ~ ~ A N T E C  MODEL EP 125 
R A N G E  -320 T O  + 6 0 0 ~ ~ ~  

9,4.5 R r c o ~ o t H c  C S C I L C O C R A P H :  C.E.C. MODEL 5-1160 
G A L V A N O M E T E R  ~ E S P O Y S E  0-2500 CPS. 

9.4.6 PRESSURE T R A N S D U C E R :  S T A T H A U  J N S T R U M L N T S  
0-500 PSI ,  MODEL PC10TC-500-350. 

10.0 GENERAL NOTES: 

70.1 THE REPORT S H A L L  BE C O M P I L E D  I N  A  MANNER C O N S l S I L n T  
V l T H  C O N V E N T I O N A L  E N G I N E E R I N G  REPORT F O R @ *  

10.2 THE R E P O R T  S H A L L  O E S C R I S C  THE T E S T  MLTHOO A N 0  CON" 
D l T I . O N  AND F U L L Y  S U M M A R I Z E  THE YEST R E S U L T S  AN0 ANY 
F A I L U R E S  OR L  l M I T A T  I O N S  ENCOUNTCREO. A D E S C R I P T # O n  
OF YEST E Q U I P M E N T  A N 0  PHOTOGRAPHS O F  T E S T  S E T U P 8  
S H A L L  ALSO B E  INCLUOED.  

10.3 THE R E P O R T  S H A L L  ~ N C L U O L  T n l s  r r s r  PHOCEOURI. 
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TEST PROCEDURE AND RESULTS a.eoree..m.reem.em 4.0 

5.3 C O N T A C T  M O N I T O R I N G  TLST e e e e e e e e e e . . . e e  6 e O  

TABLE 

I V ~ ~ R A T I O N  TEST R E S U L T S  F O R  U N I T S ,  S E R IAL 

No,'s 119 A N D  120, 

APPENDIX I 



Y O  P R E S E N T  T H E  R E S U L T S  O F  T H E  V l B R A T l O V  T E S T  Q R C G R A M  

C O ~ D U C T E D  O N  F R E B A N K  O P E S S U R E  S ~ I T C H  " A R T  : ,UMBER 8015-3. 

T H I S  T E S T  P R O G R A M  W A S  C O N D U C T E D  I N  A C C O R D A N C E  W I T H  

3.0 DESCGIPTIO:. CF TEST SPEGl:4t?d 

Two ( 2 )  P R O D U C T I O N  U N I T S ,  P A R T  :JUHBEA 8015-3 S E R I A L  :fun- 

I B E R s  119 & 120 W E R E  S U b d E C T E D  T O  T H E  R E Q U I R E D  V E S T  P R C J R A q .  

4.0 

THE V I B R A T I O N  T E S T  R E Q U I R E M E N T S  WERE C O N D U C T E O  I N  A C C O U O -  

A N C E  V l T W  F R E B A N K  Z O M P A W Y  V I O R A T  ION T E S T  P R O C E D U U E  FOR I 

5.1 F U N C T I O N A L  T E S T  

h T E S T  S T A N D  U S I N G  C L E A N  D R Y  A I R  A S  T H E  T E S T  M E D I U M ,  E M P L D Y -  

I M G  A 4.2-INCH Q ~ A M E T E R  ~ ~ U W Q O H  T u e E  G A U G E  W I T H  0.2 P S !  

n ~ ~ l u w n  G R A D U A T  I O H S  A N D  A FULL  S C A L E  A C C U R A C Y  OF  1/5 P E ~ C E V T  

@ A S  U S E D  F O R  THE O B S E R V A T I O N  O F  THE P R E S S U R E  S E T T I N G S ,  2% 

I S I G N A L  L I G H T  c l R c u l T  v I y n  A 2 A n P E W E  l N o u e T l V f  L O A D  A T  

28 VgS W A S  U S E D  I N  C O N J U N C T I O N  W I T H  T H E  G A U G E  T O  I N D I C A T E  

P R E S S U R E  § @ I T C H  A C T U A T I O N .  



THE U N I T  U N D E R  T E S T  WAS CONMECTED TO T W I ' ~  Y L 2 T  > T A N 0  AND 

T H E  A P P L I E D  P R E S S U R E  WAS I N C R E A S E 0  A N 0  D E C R E A S E D  F R O M  

1 4 .-7 P S I A  TO THE P O I N T  O F  P R E S S U R E  S W I T C H  A C T U A T I O N  TO 

14.7 P S I A .  THE R A T E  OF I E C R f A 3 E  F d 3 P  32 P S I A  T O  

A C T U A T I O N  AND R A T E  OF D E C R E A S E  F R O M  35 p S l A  TO DE-  

P R E S S U R E S  AT W H I C H  THE C I R C U I T S  B E C A M E  E N E R G I Z E D  AN0 D E -  

E N E R G  I Z E D  WERE OBSERVED.  Z O T H  T E S T  U N I T S  S U C C E S S F U L L Y  

C O M P L E T E D  THE F U N C T I O N A L  T E S T  AND THE F I R S T  F IVE  ( 5 )  

C Y C L E S  OF T H E  T E S T  R E S U L T S  ARE R E C O R D E D  I N  T A ~ C E  1 .  

THE T E S T  WAS C O N D U C T E D  U S I N G  T H E  SAME E Q U I P M E N T  A S  T H E  

P ~ U N C T  I O N A L  "TEST I N  C O N J U N C T  I O N  W I T H  A  M A N T E C  ' 40DEL  

T E M P E R A T U R E  : W A M ~ E R ,  WAhCC - 7 2 0 ' ~  TO  GOOF, K.2.. i<ODEl. 

T I O N  ' ~ E T E R .  THS T E S T S  d Z 3 E  2OrJDUCTED U S I N G  A L O G A R I T H M I C  

O C I A V E ,  SWEEP R A T E  W I T H I N  T H E  F R E Q U E N C Y  L l W l T S  OF FIGURE 1 ,  

OF A P P ~ N D I X  1 , A T  A P P R O X I M A T E L Y  3 . 5  M I N U T E S  P E R  O C T A V E )  

W l Y H  A  P A U S E  A T  T H E  E N D  OF E A C H  O C T A V E  TO CONOUCT A  O N E  ( 1 )  

C Y C L L : F U N C T I O N A L  T E S T .  THE T E S T  D U R A T I O N  WAS ONE HOUR I N  

E A C H  OF T H E  T H R E E  ORTHOGONAL A X E S )  SHOWN I N  ? I O U R C  2 0F 

~ C C E N D I X  1 ,  A T  -100%) +125@~ AN@ R O O M  A M B I E M T  TEMPERA-  

T U R E *  T H I S  HAOL A T O T A L  OF M I M E  HOURS F O R  L A C M  V U l V  UNOER 

V I B R A T O R Y  C O N D I T I O N S .  ~ U R I N C  AND F O L L O W l N C  T H E  V I B R A T I O N  

Y E S F ,  P R E S S U R E  S E Y Y  t N G S  W E R E  C H E C K E D  I N  ACCORDAHCE W I T H  



F l E l l B H  t%@mPlnrhB 
;*W"o.., c.,s-t. 

320, 640, 1280, A N D  2000 CPS.  THE R E 3 U L T 8  A R E  R E C O R D E D  

I N  T A B L E  1. 

NO A P P A R E N T  R E S O N A N C E S  WERE E N C O U N T E R E D  D U R I N G  V I B R A T I O N .  

NO S W I T C H  C W A Y T E R  O C C U R R E D  A T  A N Y  T I W E  D U R I N G  T H E  V I B R A -  

T I O N  T E S T .  

5.3 C ~ O N Y A C T  MONITOR IN^ TESY 

DURING r w e  V l e f t A r t o n  T E S T ,  THE c o n r ~ c r s  W C R C  w o n l r o R c o  

U S I N G  A  C.E.C. MOOCL 5-116 RECORDING O S C I L L O O R A C H  U S I N G  

~ A L V A N O M E T E R ~  W A V I N G  A 0 T O  2500 o p s  R E S P O N S E  R A T E .  

THE R E S U L T S  O F  TWL C O N T A C Y  MONITORING TEST A R E  R C P O R T E D ,  

I N  P A R A G R A P H  5.2. 
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FREBRBBH IOmPQmV 
U W I  cur- 

. * 

SUE)) JECT 

, . ,  . . 

, . . . 

OWP'ANV S P E C ~ F ~ C A T I O N  NO. 7851860-505' . ' 

2, 

~ I ~ C H & S  SHALL BE S U B ' ~ E C ? E D  T O  THE PAO- ' 

C R A M  A S  S P E C I ~ I C O  HEREIN .  Born  OF t t i e s t  S W I T C H E S  nust B E  

P R O D U C T I O N  U N I T S *  

EST C0~00T60NS 

I /  

AND ' G A S E O U S  HEC IIUW A %  R L B U I R C D .  

L E C t R I C A b  6 b P A C I T Y :  2 A N P ~ R L S  l N D U C ? l W h  A T  a V O L T S  0 . C .  

8 h N r  T E M P E R A T U R E  ! 6 0 ' ~ .  t Q  80O~ e UNLESS O T H g R V I  SE 
S ~ E L I F I E D  

60°f. T O  80°Fe UNLESS O Y H E R W I S ~  

' S P f C I F I E Q e  % # 

TRUPCMT ,AC&URAC IEA 

RE GAUCESS 1/9 PERCENT O f  PULL SCALE 

RE AD I N6.e  

25 OeeRecs r r h n r y n r  r v ,  

L ~ G P W B C A L  NEVERS: +$ PLRCENV OF BULL @ C A L L  
R a f A D D M G c  



ORDER S P E C I F I E O  I t 4  T H r  FOLLOWING PARAGRAPH 

USE CLEAN O R Y  4 1 8 %  R E C O R D  THL F I R S T  

PRESSURE S W I T C H  O P E R A T l O N  OF E A C H  S E R l  

R E Q U I R E D  O Y  TW19 S P L C I F I C A T i O N e  

OF A M V  S f R l  

1 OF O W E  A C T U A T  I'BY C" 



s e r v a r M  elwe 8 Ans C A N D  P I N S  F A N D  C a  THE aAvr oe @@a?-  

SURE DIECREASE PROW 35 P S l A  'PO DEAC'PUATlON SHALL BE APPROX- 

lMATELY 5 P S I  PER UIIWU'PE. 

HE P R E ~ ~ U R E  s v l r c H  SHALL BE MOUNTED T O , F I X ' P U R E  TE-317, ' 

l M S T A L L E 0  ON A V l 8 R A T l O N  EWCIThR ANQ SUBdLCTEO T O  THE 

L E V E L S  SHOWN I N  FIGURE I a  THE T e S T b  SHALL BE CONDUCTED 

nr r p s t  D U R A T I O N   HALL BL ONE (1)  HOUR I N  E A C H  OF THE 



o o r s  N O T  C L O S ~  U N Y I L  S W ~ T C W  A C T U A T I O  

nE C O N T A C T S  J H A L L  IC M O M l V O R F D  O M  4 f 

C O R D I N G  O I C l L L O C l A P H  U S  

TLW Q? T H E  @ ' W I T C H  C O N T A C  



FREQUENCV<PS 
V 1 BRAT I OM LEVEL CURVE 

FIGURE 1, 







G L E N D A L E 1  C A L I F O R N I A .  
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I 

3 . O  P W R m S E  

To present the result@ of tho design evaluation test program 

conducted on Frebank Pressure  Switch Far t  Nunber 80 1 5-10. ' . 
. 

This beet program was conducted in accordance with the Design 

Evaluation Teat plan of Douglas Spcif icat ion 78518600507, Rev, "N", 

. 
2.0 R E F E R m  CE 

Douglasi Aircraft Company Specification 7851860-507, Rev, "N", 

3.0 DESCRIPTION O F  TEST SPECIMEN (Ref, para. 4.1.1.1. 3) 

Three (3) production units. Pa r t  N p b e r  801 5-10 5;rial N , w ~ b e r e  103, 

104,and 105 were subjected to the required test program. This 

pressure  r d t c h  i r  intended for operation in 44.0 psia syetem, 

sing gaseous he1i-l and hydrogen as the slervice medium over an 

ambient temperature range of - 100°F to t 1 25"E', 

'he actuation yreseure limits are :  

Increasing Preseure:. 2 9 , s  f . 5  peia 
Decreasing Pressure:  27.5 f ,5 psia 

i 

ebank Assembly Drawing N o ,  P8Q1 Sel?Qand I n e t a l l a a ~ n  Drawing 

o, 8015-loore included for lurCher reference (seg Figurers 1 and 

Pager "3r. and 16.0). 

( R e f *  para, +Ie 8 * 1 1) 



The Design Evaluation Test requiremeilts were conducted in  

Report Kumber Q8015- 10 Rev. "B", as  approved by D. A.C. in  

e i r  VIR No, M45353, This test  procedure i s  preeented a s  Ap- 

1 Functional Test (Ref. para,  4.1.4) 

test etand using clean dry a i r  a s  the test  medium, employing a 

ons and a full scale accuracy of 115 percent was used for the 

i the pressure settings, A signal light circuit with a 

pere inductive load a t  28 VDC was used in conjunction with the 

auge to indicate pressure switch actuation. 

e unit under test  was connected to thie test  stand and the applied 

essurk was increased and decreased from 14.7 to 30.0 psia. Ths 

te  of pressure increase from 28,Spsia to actuation and rate of 

ecrease  front 28. Spsia to deactuation was approdmately 5.0 psi 

er miquto. The prersuroa at which Cho mil becam; ensrgiaod and 

a r e  recorded in Table I. 



. 5.2 ~ r o o b ' ~ e ~ t  (Ref ,  para, 4.1.5)  

This tert  was conducted ucing the same equipment a r  d e ~ c d b e d  in 

the iut;clional teat, 

A prerrure of 66 poi. vaa applied lo. one ( 1) minute. No failure 

o r  Pe&age occurred a8 a rerult of the presswe application. 

5.3 (Wf. para. 4.1. 9) 

Thtr tert  war conducted using the same equipment deocribed in 

the Functional Test while the unit wao encased in a Wyle Model 

DN104 Temperature Chamber, ;ang= - 3 2 0 ~ ~  to ~ 3 5 0 ' ~ .  

The. unit wao ~tabilized a t  room ambient temperatuse and th 

u n c t i o ~ l  Test  of para. 5.1 was canducted. While cycling 

t (a cycle consirted of increasing and decreasing the pressu 

from 14.7 gria to M.Opsia to 14.7 at a rate of 3 cycles per 

minute xniruimuun; the rate of preeoure increaee and decay was 

increardd to + 1 2 5 O ~ ,  within two (2) minutee. The temperature w 

r r  conducted. Ths temprature was *en erabilizad at Praom a 



5.4 L o w  Te~nperature  Test  (Ref.  para. 4.1.10)  --- 
This tes t  wall conducted using the 'same equipment described in the 

High Temperature Test .  

The w i t  was stabilized a t  - 1 0 0 ~ ~  and rnaintainecl fojr s ix  (6) hours, 

The Functional Tcet  of para, 5.1 was cot~ducted, The temperature 

e s t  wae conducted. The results a r e  recorded i n  'table I. . 

. 5  Thermal Shock Test  (Ref, para. 4.1.1 1 ', 

'his tes t  was conducted using the same equipment described i n  the . 

igh Tenrperature Test,  

100°F at' a ra te  of approximately 30°F per second and maintained 

ExePbsa and Model M 3 VibraLdonn Meter.  



SM-282 , 

fBB1EBRBaH r%QmPnn$P 
G&1*111(1 IL,d**I .  

i 

a! 

The tests  were conducted ueing a logarithmic octave eweep rate 

' 1  within the frequency limitra of Figure 1, of Appendix I, at approxi- - 
, mately 3. 5 minutee per octave, Thc test duration was one hour 

$ in  each of the three orthogonal axes, shown in Figure 2 of 
$I $Is 

I 

Appendix I ,  a t  - 1 0 0 ' ~ ,  9 12SoF, and room ambient temperature. 

Thie made a total of nine hours for each unit under vibratory con- 

ditione , During and following the vibration test,  pressure eettinge I 
were checked in accordance with para. 5.1 at  octave intervals of I 
5, 10, 20, 40, 80, 160, 320, 640, 1280, and 2000 cpe. The reeults 

o apparent reeonancee were encountered during vibroaon. 

o switch chatter occurred a t  any #me during the vibration test.  

I 

(Ref ,  para, 4,1,17) 

ng the Vibration Test ueing a C. E, C ,  

graph using galvanom~eter e having 

BbaHng Test are seipsrbed in para- 

The three pressure switches operated utlaoult maliuncaon at all 

nrnecl during Ute teeb program. . 
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9 
1 

D E S I G N  E V A L U A T I O N  TESTS OF FREBANK C O R P A N Y  PART NURSER 

8015-10 PRESSURE S ~ ~ T C H O  

REFERENCE 

TEST SPECIMEN 

. . 

! 

! 

Tear  M e o l u n  I 

C L E A N  DRY A I R  A N 0  G A S E O U S  H E L l U n  A S  R E Q U I R E D .  

E L E C T R I C A L  ~ A P A C I T Y :  2 A M P E R E S  I N D U C T I V E  AT  28 V O L T S  D , C ,  

Ane I C N T  TEMPERATURE:  600F ' T O  800F UNLESS OTHBRWI  SC S P E C I -  

r l e o ,  
I 
1 

, I 

F L U I ~  TEMPERATURE:  . 600F TO 8 O O F  i J N L E S S  O T H E R W I S E  S P E C i -  i i 

P I E D .  i 

I hd$TdCJri"$: NT ACCUKtZC I E S .-- - 
C A L I B R A P I ~ N  PRESSURE G A U G E S :  115 P E R C E N T  O F  F U L L  S C A L E  BE;.AD- 

I M G ,  " ~ E G W L E S  F A H R E N H E  l T  I 

E L E C T R I C A L  > ~ E T E R S :  +3 PERCENT OF FULL S C A L E  R E A D -  

I N G .  
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I 

I! 

THE TEST PROGRAM 18 T o  B E  CONDUCTPO ON EACH U N I T  I N  T H r  

ORDER S P L C I P I L O  I N  THE FOLLOWING PARAGRAPHS. 

- 
1.0 FUNCTIONAL TESTS (Rgr .  ( A )  P A R A .  4.1.4) 

U8g CLEAN D R Y  A I R .  RECORD THE F ' l k 8 1  F I V E  (5)  CYCLLS OF 

P R L I S U R E  SWITCH OPERATION OF' EACH $ C R I E S  OF TESTS, AS RE- 

QUIRED B Y  T H I S  S P C C I f I C A T I O N e  

 APPLY^^ P S I A  TO PRESSURE PORT*  THC: SWITCH SHALL  R E M A I N  

OPEN B E T W E E N  PINS 8 AND C AND PINS F AND G o  

! 

C L O S E  A T  29.520.5 P S I A  BETWEEN PINS 8 AND C AND PINS f AND 
i 

G ON T H E  SECOND AND SUBSEPUEUT CYCLES OF OPERATION^ THE R A T E  
198" 

OF PRESSURE INCREASE FROM 28.5 P S l A  T O  A C T U A T t W  SHALL BE 

A P P R O X I ~ A T E L Y  F I V E  (5)  P S I  PER MINUTE. 

A C T U A T ~ O N  P R E S S U R E  OF THK F I R S T  CYCLE OF ANY S E R I E S  O F  

O F  THE SECOND C Y C L E .  

R L P E A T A B ~ L I T Y  O F  l Y l R b  AND SUBSEQUENT ACTUATION P O l N T S  

S M A L L  B E  V D V H t N  PERCENT O F  THE S E C O N D  C V C h l  AGTUATlOM 
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I! 

S T A B I L I Z E  THE P R E S I U R E  S W I T C H  AT ROOM AM0 l L N T  TEMPERATURE 

A N D  C O N D U C T  THC FUNCTIONAI.  T E S T  OF P A R A G R A P H S  I e I t  1..2 AND ' 

.PLACE THE PRESSURE S W I T C H  W I T H I N  THE T E S T  G H A I ~ B E R  AN0 STA-  

I 
I 

i 
I 
! 
i 

C O N D U C T  THE F U N C T I O N A L  T E S T  OF P A R A G R A P H S  1.1, 1.2 AND 1.3. 

I 

S T A B I L I Z E  THE PRESSURE S W I T C H  A T  ROOM TEMPERATURE ANQ CON- 

D U C T  THE' F U N C T ~ O ~ ~ A L  T E S T ' O F  P A R A G R A P H S  1 . I ,  I .2 AND I @ 3 .  

' 

PeAce  v w t  P A E S ~ U W E  seevcH V ~ T H B  N THE v e s v  cH*BseR, s s ~ s s ~ e  i g  

A I  + 1 2 5 ' ~  AND CONDUCT THE F U N C T I O N A L  T E S T  @I PARAGRAPHS 1.1, 



8M-315 ' 

,' 
% ,  

.. S E C O N 0 . e  

. . 

A N D  C 0 N I ) U C T  YHL I V Y C T l O f i A L  T f  ST  OF PARAGRAPHS 1'.!, 1.2 A M 0  . 

L E Y L L S  S H O W N  I N  F I CURE I. THE TESYS S M A L ~  SE . CONDUCTLO 

seMsar t WE & X  l S ,  A! -f6ab~, R O O @  A R B @ E M T  V L R P L R A t U R g ,  A U O  

&--. 

i *as . *+?25@F. T O T A L  v t s ~ r r  l o w  r 8.r SHALL BL 9 HOURS. 



~ U H I ~ G  A N 0  F O L L O W I N G  T H E  A P P L l C A T l O Y  O'F V I B R A T I O N ,  

C O N D U C T  T H E  F U N C T I O N A L  T E S T  OF' P A R A G R A P H  1.  

ro FICU'RE 3 F O R  A S C H E M A T I C  O ~ A C R A M  S n o w t N c  T.HE C O N T A C T  

M O N I T O R I N G  S Y S T E M .  



G L E N D A L E  C A L I F O R N I A  I I 

i 
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8.0 STATEFCNT i:F SlfbPIILARlTY -I----------.- 

F R L B A N K  C O H P A N L  P A R T  NUMBER 4640-1 1s  R E Q U I R E D  T O  M E E T  

T'HL D E S I G N  E V A L U A T I O N  T E S T  R E Q U I H L M E N T S  I N  A C C O R D A N C E  

I S  R E Q U I R E D  T O  M E E T  T H E  D E S I G N  E V A L U A T ~ O N  T E S T  R E Q U I R E -  

E X C E P T  TON THC P R E S b U H E  S L T T I N C S  A N D  T H E  Q U A N T 1 T Y  OF 

~ E L L C V I L L E  SPRINGE U S E 0  T O  O B T A l N  T H E  P R E S S U R E  S E T 1  l N C S e  

C A N  BE C O N S I D E R L O  E Q U A C L Y  A P P L I C A B L E  T O  P/N 8015-10e 

.- 
I 

. . I 
f 

PART No. ' SPEC.  No. 

QROE'R I N  W M I C H  T H E Y  W E R E  C O M D U C ~ E C !  ON P/N 4640-1. 

"3 



. 
8,4 

! M B U L A T I O N R C S I S Y A N C Z  (HE?. ( A )  P A R A .  4.1.8) 

8 e 5  

C O M T A G T  Hrs t S T A N C E  
0 

(REF. ( A )  P A R A .  J e 4 e 4 ) .  



~ I E L E C T R ~ C  S T R E N G T H  T E S T  (REF. ( A )  PARA. 4.q.7) 

I N S U L A T I O N  R E S I S T A N C E  ( A E F .  ( A )  PARA. 4e1.8) 

. C O Y T A C T  X E S I S T A N C E  ( ~ E F .  ' ( A )  P A R A O  3.4.4). 

BURST TEST (REF', ( A )  P A R A .  4.1.19). 

,** F O L L O W I N G  18 4 D € S C A I P T r ~ O N  OF' TtfE YEST E O U I P H E N I  1 0  BE CIIEO . 
TO CONDUCT EAVCW T E S T  AS PROPOSED HEREIN .  

I 

I 9.' FUNCTIONAL TESTS I -- --- --. 
1 i r s r  G T A ~ J O  

FREBANU YQDEL TE-146-1, 0-750 u s ( .  

9. 1.2 ~ R E S S U R E  G ~ U C E  

HART l w - ~ E C K E R  0-;OC P S I ,  S E R I A L  NO. 1053. 

g82 PROOF TEST 
. . . - - - L  I.- - 

9.2.9 i T E S T  STANA 

FRLBANK MODEL TE-146-1, 0-150 PSI. 

4.- 

9.3 HIGH TEMPERATURE, LOU T L M P ~ R A T U R ~  & THERMAL 
'st ,-Pi 



9.3.2 T E S T  S T A N D  4 

F R L B A N K  MODEL TE-146-1 ,  0-150 p e l .  

9.3.3 P R E S S U R E  GAUGE 

M A R T I N - D E C K E R  0-100 P S I , .  S E R I A L  NO. 1053. 

9 . 4  V I B R A T  I O N  

9.4.1 V I B R A T I O N  EQUIPMENT 

V I ~ R A T I O N  Y E T E R .  

9,4.2 T E S T  S T A N O  

. F A E ~ A N K  MOOEL TE-146-1, .  0 - 1 5 0   st. 

3 , 4 , 3  P R E S S U R E  GAUGE 1 

MARTIN-IJECKER 0-100 p s r ,  S E R I A L  NO. 1053. I 
1 

9 . 4 , 4  T E M P E R A T U R E  --- CHAMBER 

' M A N T E C  MODEL E P 1 2 5  R A N G E  -320 T O  +600~~. 

9.4.5 ~ ~ c o p o  I NG csc  I L L O C R A P H  * 
C. L. C. M ~ O E L  5-116 G A L V A N O M E T E R  RCSPOI)I)E 0-2500 CPS. 

10.0 GENERAL ---. N G ~ E S  

TWE R E P O R T  SHALL BE C O R P l l E B  I n  A @&MMER C@M8lSTEHT Y 1 7 H  

C O N V E N T  B @HAL ENG1 NEER I M C  REPORT F B R H o  












